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Description 

The present invention relates to a method for preparing cc-olefin polymers. More specifically, the present invention 
is to provide a method by which the production in a high yield of particulate polymers having good particle properties 
is made possible when it is applied to polymerization of an a-olefin, and, in particular, a method by which the production 
of particulate polymers that are free from the problem of adhesion of particles is made possible even when it is employed 
for producing polymers having a high rubber content. 

In recent years, highly active catalysts useful for the polymerization of olefins, which are a combination of a zir- 
conocene compound and an alumoxane, have been proposed (Japanese Laid-Open Patent Publications Nos. 
1 9309/1 983 and 35007/1 985). Further, it has also been proposed to design the structure of the ligand of the catalysts 
of the above type to make the preparation of various stereoregular polymers possible (Japanese Laid-Open Patent 
Publications Nos. 130314/1986, 295607/1988, 301704/1989 and 41303/1990). According to this proposal, polymers 
having high activity and a narrow molecular-weight distribution may be prepared. On the contrary, the catalysts are 
soluble in toluene used as a solvent, so that only a polymer whose particle diameter is extremely small (in general, 
approximately 1 to 50 u.m) may be obtained. For this reason, it has been difficult, to the best of our knowledge, by the 
above method, to industrially produce polymers with high efficiency. Moreover, it is necessary to use a large amount 
of an alumoxane in the above method, so that the production cost becomes high. In order to solve these problems, 
various proposals have been made. In Japanese Laid-Open Patent Publications Nos. 51408/1989, 275609/1989 and 
140305/1 991 , alumoxane and a.metallocene compound are brought into contact with each other in advance to obtain 
a particulate polymer. However, a particulate polymer can be obtained only when the above method is applied to so- 
called liquid phase bulk polymerization in which propylene is used as a solvent, and a polymer having a controlled 
particle diameter cannot be obtained when it is applied to slurry polymerization in which an inert solvent is used, or to 
gas phase polymerization. 

In Japanese Laid-Open Patent Publications Nos. 296008/1986, 51407/1 988 and 152608/1988, and WO 88-05058, 
such catalysts that a catalytic component is supported on an inorganic oxide, particularly on silica, are proposed. By 
this technique, it has become possible to prepare a particulate polymer even by gas phase polymerization. However, 
the activity per catalyst is low because the amount of the catalytic component which can be supported on silica is 
limited, and, in addition, the silica tends to remain in a polymer prepared. These are the causes of deterioration in the 
quality of the polymer, that is, the polymer is to have, for example, reduced moldability, a rough surface or fish eyes. 
This technique would therefore be unfavorable. 

On the other hand, in Japanese Laid-Open Patent Publication No. 92621/1988 and WO 88-05058, it is proposed 
to support a catalytic component on polyethylene particles. By this method, deterioration in the quality of a polymer 
produced, which would be inherent in the use of an inorganic oxide as a carrier, can be prevented. However, a catalytic 
component would not be fully supported on polyethylene particles as compared with the case where an inorganic oxide 
is used as the support. For this reason, not only the activity becomes low but also the catalytic component is detached 
from the carrier while polymerization is conducted. As a result, a large amount of fine particles are produced, and thus 
the object which is to obtain a particulate polymer cannot be fully attained. Further, this proposal is carried out only for 
the preparation of ethylene polymers in which the activity is easily revealed. Therefore, a technique by which the 
preparation of particulate polypropylene is feasible has been desired. 

When a propylene block copolymer having high rigidity and a high impact strength is prepared by polymerization, 
a rubbery copolymer is generally formed in an increased proportion in the resultant copolymer in order to enhance the 
impact strength of the resultant block copolymer. However, in this case, the amount of a by-product is increased, and 
polymer particles adhere to one another or to the inner wall of an apparatus. Therefore, it tends to be difficult to stably 
and continuously operate an apparatus used for preparing the polymer for a long period of time. 

Recently, in order to improve the impact strength at low temperatures, proposals have been made such that, at a 
first stage, crystalline polypropylene is formed in the presence of liquid propylene and, at a latter stage, propylene and 
ethylene or an a-olefin having 4 to 20 carbon atoms are copolymerized, wherein use is made of a metal locene catalyst 
(EP-433989, EP-433990 and Japanese Laid-Open Patent Publication No. 1 1 4050/1 992). As long as we know, however, 
although the impact resistance at low temperatures of the polymer product may be improved when the polymer is 
produced by the method proposed, a finely particulate polymer would be formed, and polymer particles would also 
tend to agglomerate with one another or to adhere to the inner wail of a polymerization vessel when the amount of the 
polymer produced at the latter stage is increased. Therefore, it would not be easy to prepare a copolymer stably by 
this method. 

On the other hand, elastomeric polyolefins, which are useful as impact resistant polymer or as an additive for 
improving impact resistance of "hard- polymers, may be produced with catalysts based on vanadium used in a solution 
polymerization method. The vanadium based catalysts may have some drawbacks that it may not be feasible to conduct 
polymerization at elevated temperatures whereby productivity of polymers per a polymerization vessel may be at a 
lower level resulting in production of polymers at a higher cost. 
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The vapor/gas phase polymerization, which may produce polymers in higher productivity, has been desired. 

The present invention has been made in order to solve the aforementioned problems in the prior art. Objects of 
the present invention are therefore to provide a catalyst for use in the polymerization of olefins, capable of producing 
polymers which have been improved in their particle properties even when the catalyst is used in slurry polymerization 
s or gas phase polymerization, in particular, a catalyst capable of producing polypropylenes, of which production has 
been difficult by the prior art technology, without using a large amount of an alumoxane compound; and a method for 
preparing an olefin polymer by using the catalyst. 

Another object of the present invention is to prepare propylene block copolymers and/or thermoplastic elastomers 
having improved impact resistance without entailing the formation of fine particles, agglomeration of particles or ad- 
10 hesion of particles to the wail of a polymerization vessel even when a rubbery copolymer is formed in an increased ratio. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished as a result of studies which were made in order to attain the above 
is objects of the invention. 

The present invention provides an improved process for producing a-olefin polymers in which an a-olefin is con- 
tacted with a catalyst to polymerize, wherein the improvement comprises the use as the catalyst of a solid product 
comprising Components (ii) and (iii) supported on Component (i): 

20 Component (i) being an organic porous polymer having an average particle diameter of 5 to 1 ,000 ujn, in which 

the total pore volume of all pores whose diameter is 0.006 to 10 jam is no smaller than 0.3 cc/g (1 cc/g = 1 cm 3 / 
g), and the total pore volume of all pores whose diameter is 0.05 to 2 ujm is no smaller than 50% of that of all pores 
whose diameter is 0.006 to 1 0 u.m; 
Component (ii) being a compound having the structure 
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in which R is a hydrocarbyl group having 1 to 10 carbon atoms; and 

Component (iii) being a compound of a transition metal of the Groups IVB to VIB in the Periodic Table, having at 
least one conjugated 5-membered cyclic ligand. 

According to the present invention, propylene polymers having good particle properties, of which preparation has 
been considerably difficult, can be obtained at a high yield as products having a low content of ash, such as an inorganic 
oxide, and the catalyst is also improved in both the activity-retaining ability and preservability. It is assumed that these 
effects would not be expected from the prior art. 

DETAILED DESCRIPTION OF THE INVENTION 

[Catalyst] 

The catalyst for use in the process of the present invention is one obtained by making Components (ii) and (iii) be 
supported on Component (i), or one obtained by making Components (ii) and (iii) be supported on Component (i), and 
then subjecting the resultant product to preliminary polymerization in which it is brought into contact with an olefin 
under the gas phase condition to polymerize the olefin. The expression "one obtained by making Components (ii) and 
(iii) be supported on Component (i) u herein includes not only one obtained by making only Components (ii) and (iii) be 
supported on Component (i), but also one obtained by making a component other than Components (ii) and (iii) be 
supported together with Components (ii) and (iii) on Component (i). 

<Component (i)> 

The Component (i) is an organic porous polymer having an average particle diameter of 5 to 1 000 u.m, preferably 
10 to 700 urn more preferably 20 to 500 u.m, in which the total pore volume of all pores whose diameter is 0.006 to 
10 u^n is 0.3 cc/g or more, preferably 0.8 cc/g or more, more preferably 1 .0 cc/g or more, and the total pore volume of 
all pores whose diameter is 0.05 to 2 u.m is 50% or more, preferably 60% or more of the total pore volume of all pores 
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whose diameter is 0.006 to 10 ujti. 

When Component (i) has a totai pore volume of all pores whose diameter is 0.006 to 10 jim which is less than 0.3 
cc/g, it can be impregnated with only a small amount of the catalytic components, Components (ii) and (iii), so that the 
activity per catalyst may not be fully obtained. It may be difficult to impregnate those pores which have a diameter of 

5 less than 0.05 u.m with the catalytic components, particularly an alumoxane, Component (ii). When the component (i) 
has a large number of pores having a diameter of more than 2 jim, the catalytic components, Components (ii) and (iii), 
are detached from the carrier particles while polymerization is conducted, and initiate or continue polymerization. This 
is the cause of the formation of a fine particulate polymer. The pore volume and the diameter of pores herein described 
are those measured by a porosimeter (Tore Sizer 9310" manufactured by Micromelitex Inc.). The average particle 

10 diameter of Component (i) means a value which is determined by obtaining the distribution of a number-average particle 
diameter by a microscopic observation using an image analyzer "Spica IT manufactured by Nihon Abionix Co., Ltd., 
converting it to the distribution of a weight-average particle diameter, and reading the value at the weight of 50%, that 
is, D 50 . 

There is no limitation on the type of the polymer of the organic porous polymer having the above-described char- 
15 acteristics as long as the polymer fulfill the above requirements. However, in general, the polymer includes (a) polymers 
of an a-olefin having 2 to 10 carbon atoms, such as polyethylene, polypropylene, polybutene-1 , an ethylene-propylene 
copolymer, an ethylene-butene-1 copolymer, an ethylene-hexene-1 copolymer, a propylenebutene-1 copolymer, a pro- 
pyl en e-hexene-1 copolymer and a propylene-divinylbenzene copolymer, (b) polymers of styrene or its derivative having 
a hydrocarbyl substituent at its nucleus and/or side chain, such as polystyrene and a styrene-diviny Ibenzene copolymer, 
20 and (c) polar polymers containing 0, N or halogen atom, such as a polyacrytate, a pofymethacryJate, a polyacrylonitrile, 
a polyvinyl chloride, a polyamide, a polyphenylene ether, a polyethylene terephthalate and a polycarbonate. 

Of these polymers, polymers of an a-olefin and polymers of an aromatic unsaturated compound are preferred 
because they hardly cause a side reaction with the catalytic components; and more preferable polymers are those of 
an a-olefin which is the same type as that of a desired polymer to be finally produced. 
25 The porosity desired may be obtained by subjecting the particles of these polymers to solvent extraction. 

<Component (ii)> 

Component (ii) is a compound having a structure 
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in which R represents a hydrocarbyl group having 1 to 10 carbon atoms. 

A typical example of the compound (ii) is an alumoxane. An alumoxane is a product obtained from one species of 
a trialkylaluminium or from two or more trialkylaluminiums, and water. Specifically, those obtained from one trialkyla- 
40 luminium, such as methylalumoxane, ethylalumoxane, butylalumoxane and isobutylalumoxane, and those obtained 
from two trialkylaluminiums, such as methylethylalumoxane, methylbutylalumoxane and methylisobutylalumoxane may 
be mentioned. 

In the present invention, the above alumoxanes can be used either in combination of two or more or in combination 
with another alkylaluminium, for example, a combination of an alumoxane with trimethylaluminium, triethylaluminium, 
45 triisobutylaluminium or dimethylaluminium chloride. 

It is also possible to use a modified alumoxane obtained by reacting two species of alumoxanes, or by reacting 
one species of an alumoxane with another organoaluminium compound. 

Of these, methylalumoxane, isobutylalumoxane, methylisobutylalumoxane, a combination of any of these alumox- 
anes with a trialkylaluminium are preferred. Methylalumoxane and methylisobutylalumoxane are more preferred. 
so in particular, methylisobutylalumoxane having a chemical shift between 160 and 250 ppm with a line width of 3,000 

Hz or more, determined by a measurement using 27 AI-NMR is preferable for polymerization of propylene. 

These alumoxanes can be prepared under any of various known conditions. Specifically, the following methods 
can be mentioned: 



(a) the method in which trialkylaluminium is directly reacted with water in a proper organic solvent such as toluene, 
benzene or ether; 

(b) the method in which trialkylaluminium is reacted with a salt hydrate having crystal water, for example, a hydrate 
of copper sulfate or aluminium sulfate; 
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(c) the method in which a trialkylaluminium is reacted with water with which silica gel or the like has been impreg- 
nated; 

(d) the method in which trimethylaluminium and tributylaluminium are mixed, and the mixture is directly reacted 
with water in a proper organic solvent such as toluene, benzene or ether; 

(e) the method in which trimethylaluminium and tributylaluminium are mixed, and the mixture is reacted, under 
heating, with a salt hydrate having crystal water, for example, a hydrate of copper sulfate or aluminium sulfate; 

(f) the method in which silica gel is impregnated with water, treated with triisobutylaluminium, and then additionally 
treated with trimethylaluminium; and 

(g) the method in which methyl alumoxane and isobutyl alumoxane are synthesized respectively by known meth- 
ods, and these two components are mixed in a predetermined proportion and reacted by heating. 

Another typical example of Component (ii) is an organoaluminium oxy compound represented by the following 
formula (I): 



R 4 x R 3 .R 4 

Al-O-B-O-Al ^ (I) 

wherein R 3 is a hydrocarbyl radical having 1 to 10 carbon atoms, and FT* is hydrogen, halogen, a siloxy group, a siloxy 
group substituted by a lower alkyl group, or a hydrocarbyl group having 1 to 10 carbon atoms, wherein the four R*s 
may be the same or different from one another. 

The compound of formula (I) is a reaction product of the following components (a) and (b). 

The component (a) is an alkylboric acid represented by the following general formula: 

R 3 -B-(OH) 2 

wherein R 3 represents a hydrocarbyl group having 1 to 10 carbon atoms. Specific examples of the component (a) 
include methylboric acid, ethylboric acid, isopropylboric acid, n-propylboric acid, n-butylboric acid, isobutylboric acid, 
n-hexylboric acid, cyclohexyiboric acid, phenylboric acid, 3,5-difluorophenylboric acid, pentafluorophenylboric acid and 
3,5-bis(trifluoromethyl)phenylboric acid. 

Of these, methylboric acid, ethylboric acid, n-butylboric acid, isobutylboric acid, 3,5-difluorophenylboric acid and 
pentafluorophenylboric acid are preferred, and methylboric acid, ethylboric acid and n-butylboric acid are more pre- 
ferred. 

The component (b) which is reacted with the component (a) to yield Component (ii) is an organoaluminium com- 
pound. 

Examples of the component (b) includes compounds represented by any of the following general formulas: 

R 4 3- q AIX q) 

R 4 3. q AI-[OSi-(R 9 ) 3 ] q , 

and 



(R 4 ) 2 -AI-0-AJ-(R 4 ) 2 , 

wherein R 4 represents a hydrocarbyl group having 1 to 10 carbon atoms, X represents hydrogen or a halogen group, 
R 9 represents hydrogen, halogen or a hydrocarbyl group having 1 to 1 0 carbon atoms, and q is 0 < q < 3. 
Specific examples of the component (b) include: 

(a) trialkylaluminiums such as trimethylaluminium, triethylaiuminium, tri-n-butylaluminium, triisobutylaluminium, tri- 
hexylaluminium, trioctylaluminium, tridecylaluminium, tri-n-butylaluminium, tri-n-propylaluminium and triisoprenylalu- 
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minium, (b) alkylaluminium halides such as dimethylaluminium chloride, diethylaluminium monochloride, diethylalu- 
minjum monofluoride, diisobutylaluminiummonochloride, methylaluminium sesquichloride, ethylaluminiumsesquichlo- 
ride and ethylaluminium dichloride, (c) alkylaluminium hydrides such as dimethylaluminium hydride, diethylaluminium 
hydride and diisobutylaluminium hydride, (d) alkylaluminium siioxides such as dimethylaluminium (trimethylsiloxide), 
dimethylaluminium (trimethylsiloxide) and diethylaluminium (trimethylsiloxide), and (e) tetraalkyl alumoxanes such as 
tetraisobutyl alumoxane and tetraethyl alumoxane. Two or more of the above compounds can also be used in combi- 
nation. 

<Component (iii)> 

Component (Hi) is a compound of a transition metal which belongs to one of the Groups IVB to VIB in the Periodic 
Table, having at least one conjugated 5-membered cyclic ligand. Typical examples of the compounds include transition 
metal compounds represented by the following general formula (1 ): 

Qa< C 5 H 5-a-bR 1 ^H^R 2 (1) 

and by the following general formula (2): 

S a(C 5 H 5 . a -dR 3 d)ZMeXY (2). 

In the above formulas, Q represents a binding group or a "bridge" which crosslinks the two conjugated 5-membered 
cyclic ligands, and S represents a binding group or a M bridge D which crosslinks the conjugated 5-membered cyclic 
ligand and the group Z. Specifically, Q and S are (a) an atkylene group such as a methylene, ethylene, isopropylene, 
phenylmethylmethylene, diphenylmethylene or cyclohexylene group; (b) a silylene group such as silylene, dimethyls- 
ilylene, phenylmethylsilylene, diphenylsiJylene, disilylene or tetramethyldisilylene group; or (c) a hydrocarbyl group 
containing germanium, phosphorus, nitrogen, boron or aluminium, specifically, a (CH 3 ) 2 Ge, (C 6 H 5 ) 2 Ge, (CH 3 )R (C 6 H 5 ) 
P, (C 4 H 9 )N, (C 6 H 5 )N, (CH 3 )B, (C 4 H 9 )B, (C 6 H 5 )B, (C 6 H 5 )AI or (CH 3 0)AI group, preferably an alkylene or a silylene 
group, more preferably methylene with or without a substituent thereon, ethylene with or without a substituent thereon, 
silylene with or without a substituent thereon, and disilylene with or without a substituent thereon where the substituent 
may preferably be a lower alkyl or phenyl, a is 0 or 1 , b, c and d are: 0<b<5, 0<c<5and0<d<5 when a is 0; and 
0 < b £ 4, 0£c<4and0£d^4 when a is 1 . 

In the above general formulas, the conjugated 5-membered cyclic ligands represented by (C5H5_a.bR 1 b ), 
( c 5 H 5-a-c R2 c) and ( c s H 5-a-d R3 d) respectively are defined separately. However, the definitions themselves of b, c and 
d are the same among them, and those of R 1 , R 2 and R 3 are also the same among them (described later in detail). It 
is therefore needless to say that these three conjugated 5-membered cyclic ligands may be the same or different from 
one another. 

One specific example of the conjugated 5-membered cyclic ligand is a cyclopentadienyl group which is the com- 
pound of the formula in which b (or c or d) is 0 and has no substituent other than the binding group Q or S. In the case 
where the conjugated 5-membered cyclic ligand is one in which b (or c or d) is not 0 thus having a substituent, a specific 
example of R 1 (or R 2 or R 3 ) is a C r C 20 , preferably C r C 12 hydrocarbyl group. This hydrocarbyl group may be bound 
to the cyclopentadienyl group as a monovalent group; or when a plurality of the hydrocarbyl groups are existing, two 
of them may be bound to each other at their respective o>terminus to form a ring together with a part of the cyclopen- 
tadienyl group. A typical example of the latter is a case where two of R 1 (or R 2 or R 3 ) forms a condensed 6-membered 
ring together with a double bond of the cyclopentadienyl group, whereby this conjugated 5-membered cyclic group is 
an indenyl or fluorenyl group. Therefore, typical examples of this conjugated 5-membered cyclic group are substituted 
or unsubstituted cyclopentadienyl, indenyl and fluorenyl groups. 

R 1 , R 2 and R 3 are each, in addition to a ^-C^, preferably C r C 12 hydrocarbyl group, a halogen atom (e.g. fluorine, 
chlorine or bromine), an alkoxy group (e.g. a C r C 12 alkoxy group), a silicon-containing hydrocarbyl group (e.g. a group 
having approximately 1 to 24 carbon atoms, containing a silicon atom in the form of -Si(R)(R') (R")) p a phosphorus- 
containing hydrocarbon group (e.g. a group having approximately 1 to 18 carbon atoms, containing a phosphorus atom 
in the form of -P(R)(R')), a nitrogen-containing hydrocarbon group (e.g. a group having approximately 1 to 18 carbon 
atoms, containing a nitrogen atom in the form of -N(R)(R')) or a boron-containing hydrocarbon group (e.g. a group 
having approximately 1 to 18 carbon atoms, containing a boron atom in the form of -B(R)(R')), respectively. When b 
(or c or d) is 2 or more and a plurality of R 1 s (or R 2 s or R 3 s) are existing, they may be the same or different. 

b, c and d are an integer which fulfills the conditions of0<b<5, 0<c^5 and 0 <, d < 5 when a is 0, and 0 < b < 
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4, 0 < c < 4 and 0 < d < 4 when a is 1 . 

Me is a transition metal belonging to one of the Groups IVB to VIB in the Periodic Table, preferably titanium, 
zirconium and hafnium. Zirconium is particularly preferred. 

Z is oxygen (-O-), sulfur (-S-), an alkoxy group having 1 to 20, preferably 1 to 10 carbon atoms, a thioalkoxy group 
having 1 to 20, preferably 1 to 12 carbon atoms, a silicon-containing hydrocarbon group having 1 to 40, preferably 1 
to 18 carbon atoms, a nitrogen-containing hydrocarbon group having 1 to 40, preferably 1 to 18 carbon atoms, or a 
phosphorus-containing hydrocarbon group having 1 to 40, preferably 1 to 1 8 carbon atoms. When a is 1 , a part of the 
group Z is bound to the group S, a binding group. 

X and Y are a hydrogen atom, a halogen atom, a hydrocarbyl group having 1 to 20, preferably 1 to 10 carbon 
atoms, an alkoxy group having 1 to 20, preferably 1 to 10 carbon atoms, an amino group, a phosphorus-containing 
hydrocarbon group having 1 to 20, preferably 1 to 12 carbon atoms (specifically, for example, a diphenylphosphine 
group), or a silicon-containing hydrocarbon group having 1 to 20, preferably 1 to 12 carbon atoms (specifically, for 
example, a trimethylsilyl group or a bis(trimethylsilyl)methyl group), respectively X and Y may be the same or different. 
Of these, a halogen atom and a hydrocarbyl group are preferred. 

The compounds represented by the above formula (1) or (2) are called metallocenes. Specifically, they are called 
zirconocenes (Me = Zr), titanocenes (Me = Ti) or hafnocenes (Me = Hf) depending on the type of Me. 

Specific examples of the transition metal compound in which Me is zirconium are as follows: 

(a) transition metal compounds which have two conjugated 5-membered cyclic ligands but have no binding group 
for crosslinking the ligands, for instance, 

(1) bis(cyclopentadienyl)zirconium dichloride, 

(2) bis(methylcyclopentadienyl)zirconium dichloride, 

(3) bis(dimethy!cyclopentadienyl)zirconium dichloride, 

(4) bis(trimethylcyclopentadienyl)zirconium dichloride, 

(5) bis(tetramethylcyclopentadienyl)zirconium dichloride, 

(6) bis(pentamethylcyclopentadienyl)zirconium dichloride, 

(7) bis(n-butylcyclopentadienyl)zirconium dichloride, 

(8) bis(indenyl)zirconium dichloride, 

(9) bis(fluorenyl)zirconium dichloride, 

(10) bis(cyclopentadienyl)zirconium monochloride monohydride, 

(11) bis(cyclopentadienyl)methylzirconium monochloride, 

(12) bis(cyclopentadienyl)ethylzirconium monochloride, 

(13) bis(cyclopentadienyl)phenylzirconium monochloride, 

(14) bis(cyclopentadienyl)zirconium dimethyl, 

(15) bis(cyclopentadienyl)zirconium diphenyl, 

(16) bis(cyclopentadienyl)zirconium dineopentyl, 

(17) bis(cyclopentadienyl)zirconium dihydride, 

(18) bis(cyclopentadienyl)(indenyl)zirconium dichloride, and 

(19) bis(cyclopentadienyl)(fluorenyl)zirconium dichloride; 

(b) transition metal compounds having two 5-membered cyclic ligands crosslinked by an alkylene group, for in- 
stance, 

(1) methylenebis(indenyl)zirconium dichloride, 

(2) ethylenebis(indenyl)zirconium dichloride, 

(3) ethylenebis(indenyl)zirconium monohydride monochloride, 

(4) ethylenebis(indenyl)methylzirconium monochloride, 

(5) ethylenebis(indenyl)monomethoxyzirconium monochloride, 

(6) ethylenebis(indenyl)zirconium diethoxide, 

(7) ethylenebis(indenyl)zirconium dimethyl, 

(8) ethylenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, 

(9) ethylenebis(2-methylindenyl)zirconium dichloride, 

(10) ethylenebis(2,4,6-trimethylindenyl)zirconium dichloride, 

(11) ethylenebis(2-methylbenzoindenyl)zirconium dichloride, 

(12) ethylenebis(2-methyl-4,5,6,7-tetrahydroindenyl)zirconium dichloride, 

(13) ethylenebis(2-methyl-4-phenylindenyl)zirconium dichloride, 

(14) ethylenebis(2-ethylindenyl)zirconium dichloride, 
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(15) ethylenebis(2 J 4-dimethylindenyl)zirconium dichloride, 

(16) ethylene(2,4-dimethylcyclopentadienyl)(3\5 , -dimethylcyclopentadienyl)zirconium dichloride, 

(17) ethylene(2-methyl-4-tert-butyIcyclopentadienyl)(3'-tert-butyl-5'-meth 
ride, 

(18) ethylene(2,3,5-trimethylcyclopentadienyl)(2\4\5Mrim^ dichloride, 

(19) isopropylidenebis(indenyl)zirconium dichloride, 

(20) isopropylidene(2,4-dimethylcyclopentadienyl)(3\5'<iimethylcyclopentadienyl)zirconium dichloride, 

(21) isopropylidene(2-methyl-4-tert-butyIcyclopentadienyl)(3'4ert-butyl-5 , -methylcyclope 
dichloride, 

(22) methylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)zirconium dichloride, 

(23) rTiethylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)zirconium chloride hydride, 

(24) methylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)zirconium dimethyl, 

(25) methylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)zirconium diphenyl, 

(26) methylene(cyclopentadienyl)(trimethylcyclopentadienyl)zirconium dichloride, 

(27) methylene(cyclopentadienyl)(tetramethylcyclopentadienyl)zirconium dichloride, 

(28) isopropylidene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)zirconium dichloride, 

(29) isopropylidene(cyclopentadienyl)(2,3,4,5-tetramethylcyclopentadienyl)zirconium dichloride, 

(30) isopropylidene(cyclopentadienyl)(3-methylindenyl)zirconium dichloride, 

(31 ) isopropylidene(cyclopentadienyl)(fluorenyl)-zirconium dichloride, 

(32) isopropylidene(2-methylcyclopentadienyl)(fluorenyl)-zirconium dichloride, 

(33) isopropylidene(2,5-dimethylcyclopentadienyl)(3\4'-dimethylcyclopentadienyl)zirconium dichloride, 

(34) isopropylidene(2,5-dimethylcyclopentadienyl)-(fluoro)zirconium dichloride, 

(35) ethylene(cyclopentadienyl)(3,5-dimethylcyclopentadienyl)zirconium dichloride, 

(36) ethylene(cyclopentadienyl)(fluorenyl)zirconium dichloride, 

(37) ethylene(2,5-dimethylcyclopentadienyl)(fluorenyl)-zirconium dichloride, 

(38) ethylene(2,5-diethyicyclopentadienyl)(fluorenyl)-zirconium dichloride, 

(39) diphenylmethylene(cyclopentadienyl)(3,4-diethylcyclopentadienyl)zirconium dichloride, 

(40) cyclohexylidene(cyclopentadienyl)(fluorenyl)-zirconium dichloride, and 

(41) cyclohexylidene(2,5<Jimethylcyc^ 
ride; 

(c) transition metal compounds having 5-membered cyclic ligands crosslinked by a silylene group, for instance, 

(1) dimethylsilylenebis(indenyl)zirconium dichloride, 

(2) dimethylsilylenebisf^S.ej-tetrahydroindenylJ-zirconium dichloride, 

(3) dimethylsilylenebis(2-methyI-4,5,6,7-tetrahydroindenyl)zirconium dichloride, 

(4) dimethylsilylenebis(2-methylindenyl)zirconium dichloride, 

(5) dimethylsilylenebis(2-methylbenzoindenyl)zirconium dichloride, 

(6) dimethylsilylenebis(2-methyl-4-phenylindenyl)-zirconium dichloride, 

(7) dimethylsilylene(2,4-dimethylcyclopentadienyl)(3',5 , -dimethylcyclopentadienyl)zirconium dichloride, 

(8) phenylmethylsilylenebis(indenyl)zirconium dichloride, 

(9) phenylmethylsilylenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, 

(10) phenylmethylsilylene(2,4-dimethylcyclopentadienyl)-(3 , ,5 , -dimethylcyclopentadienyl)zirconium dichlo- 
ride, 

(11) phenylmethylsilylene(2,3,5-trime% 
dichloride, 

(12) phenylmethylsilylenebis(tetramethylcyclopentadienyl)zirconium dichloride, 

(13) diphenylsilylenebis(indenyl)zirconium dichloride, 

(14) diphenylsilylenebis(2-methylindenyl)zirconium dichloride, 

(15) tetramethyldisilylenebis(indenyl)zirconium dichloride, 

(16) tetramethyldisilylenebis(cyclopentadienyl)-zirconium dichloride, 

(17) tetramethyldisilylene(3-methylcyclopentadienyl)-(indenyl)zirconium dichloride, 

(18) dimethylsilylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)zirconium dichloride, 

(1 9) dimethylsilylene(cyclopentadienyl)-(trimethylcyclopentadienyl)zirconium dichloride, 

(20) dimethylsilylene(cyclopentadienyl)-(tetramethylcyclopentadienyl)zirconium dichloride, 

(21 ) dimethylsilylene(cyclopentadienyl)(3,4-diethylcyclopentadienyl)zirconium dichloride, 

(22) dimethylsilylene(cyclopentadienyl)-(triethylcyclopentadienyl)zirconium dichloride, 

(23) dimethylsilylene(cyclopentadienyl)-(tetraethylcyclopentadienyl)zirconium dichloride, 
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(24) dimethylsilylene(cyclopentadienyl)-(fluorenyl)zirconium dichloride, 

(25) dimethylsilylene(cyclopentadienyl)(2,7-di-t-butylfluorenyl)2irconium dichloride, 

(26) dimethylsilylene(cyclopentadienyl)-(octahydrofluorenyl)zirconium dichloride, 

(27) dimethy!silylene(2-methylcyclopentadienyl)(fluorenyl)zirconium dichloride, 

(28) dimethylsilylene(2,5-dimethylcyclopentadienyl)(fluorenyl)zirconium dichloride, 

(29) dimethylsilylene(2-ethyIcyclopentadienyl)(fluorenyl)zirconium dichloride, 

(30) dimethylsilylene(2,5-diethylcyclopentadienyl)(fluorenyl)zirconium dichloride, 

(31 ) diethylsilylene(2-methylcyclopentadienyl)(2\7 , -di4-butylffuorenyl)zirconium dichloride, 

(32) dimethylsilylene(2,5-dimethylcyclopentadienyl)(2\7'-di-t-butylfluorenyl)zirconium dichloride, 

(33) dimethylsilylene(2-ethylcycbpentadienyl)-(2 , ,7'-di-t-butylfluorenyl)zirconium dichloride, 

(34) dimethylsily!ene(diethylcyclopentadienyl)-(2 , ,7'-di-t-butylfluorenyl)zirconium dichloride, 

(35) dimethylsilylene(methylcyclopentadienyl)(octahydrofluorenyl)zirconium dichloride, 

(36) dimethylsilylene(dimethylcyclopentadienyl)(octahydrofluorenyl)zirconium dichloride, 

(37) dimethylsilylene(ethylcyclopentadienyl)(octahydrofluorenyl)zirconium dichloride, and 

(38) dimethylsilylene(diethylcyclopentadienyl)(octahydrofluorenyl)zirconium dichloride; 

(d) transition metal compounds having 5-membered cyclic ligands crosslinked by a hydrocarbon group containing 
germanium, aluminium, boron, phosphorus or nitrogen, for instance, 

(1) dimethylgermaniumbis(indenyl)zirconium dichloride, 

(2) dimethylgermanium(cyclopentadienyl)(fluorenyl)zirconium dichloride, 

(3) dimethylaluminiumbis(indenyl)zirconium dichloride, 

(4) phenyIaIuminiumbis(indenyl)zirconium dichloride, 

(5) phenylphosphinobis(indenyl)zirconium dichloride, 

(6) ethylboranobis(indenyl)zirconium dichloride, 

(7) phenylaminobis(indenyl)zirconium dichloride, and 

(8) phenylamino(cyclopentadienyl)(fluorenyl)zirconium dichloride; 

(e) transition metal compounds having one 5-membered cyclic ligand, for instance, 

(1 ) pentamethylcyclopentadienyl-bis(phenyl)aminozirconium dichloride, 

(2) indenyl-bis(phenyl)aminozirconium dichloride, 

(3) pentamethylcyclopentadienyl-bis(trimethylsilyl)aminozirconium dichloride, 

(4) pentamethylcyclopentadienylphenoxyzirconium dichloride, 

(5) dimethylsilylene(tetramethylcyclopentadienyl)-phenylaminozirconium dichloride, 

(6) dimethylsilylene(tetramethylcyclopentadienyl)-tetrabutylaminozirconium dichloride, 

(7) dimethylsilylene(tetrahydroindenyl)-decylaminozirconium dichloride, 

(8) dimethylsilylene(indenyl)cyclohexylaminozirconium dichloride, 

(9) dimethylsilylene(tetrahydroindenyl)-((trimethylsilyl)amino)zirconium dichloride, and 

(10) dimethylgerman(tetramethylcyclopentadienyl)-(phenyl)aminozirconium dichloride; and 

(f) those compounds which are obtained by substituting chlorine in the above compounds (a) to (e) with bromine, 
iodine, hydride, methyl, phenyl or the like. 

Further, in the present invention, any of those compounds which are obtained by changing the central metal of the 
zirconium compounds enumerated in the above (a) to (f) to titanium, hafnium, niobium, molybdenum or tungsten can 
also be used as the component (iii). 

Of these, zirconium, hafnium and titanium compounds are preferred, and zirconium, titanium and hafnium com- 
pounds in which the ligands are crosslinked by an alkylene or silylene group, preferably "short" chain group set forth 
hereinabove as more preferable species, are more preferred. 

<P reparation of Solid Catalyst> 

The solid catalyst of the present invention is a product obtained by making Components (ii) and (iii) be supported 
on Component (i), or by subsequently subjecting the product obtained to preliminary polymerization in which it is brought 
into contact with an olefin to polymerize the olefin under the gas phase condition. Any method can be employed in 
order to make Components (ii) and (iii) be supported on Component (i). However, in general, (a) a method in which 
Components (ii) and (iii) are dissolved in an inert solvent capable of dissolving them, the solution is mixed with Com- 
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ponent (i), and the solvent is then distilled off under reduced pressure or under a stream of an inert gas;p (b) the method 
in which Components (ii) and (iii) are dissolved in an inert solvent, the solution is concentrated to such a degree that 
a solid is not precipitated, and Component (i) is then added in such an amount that the whole quantity of the concentrated 
solution can be supported in the particles of Component (i); and (c) the method in which a solution of Components (ii) 
and (iii) is gradually made to be supported on Component (i) can be mentioned. 

Components (ii) and (iii) in the present invention are, in general, solid materials, and, accordingly, a method in 
which Components (ii) and (iii) are made to be supported in Component (i) by impregnating Component (i) with Com- 
ponents (ii) and (iii) by the use of an inert solvent which can solubilize Components (ii) and (iii) is a particularly preferable 
embodiment. Benzene, toluene, xylene, hexane, heptane, octane, dekalin, dichloromethane, dichloroethane, chloro- 
propane, chlorobenzene or the like is used as the inert solvent. The solvent used can remain in the impregnation 
product. There is no limitation on the amount of the inert solvent which remains in the impregnation product, and it 
varies depending on the pore volume of the organic porous polymer (the component (i)) used. However, it is generally 
0 to 70% by weight, preferably 5 to 50% by weight, of the organic porous polymer in the impregnation product. When 
the amount of the remaining inert solvent is in excess of 70% by weight, the particles of the organic porous polymer 
impregnated with the solvent may not exist independently nor in a free flowing state, and become to the state of ag- 
glomerate or sludge. As a result, the subsequent polymerization may not proceed stably; or, when the impregnation 
product is subjected to preliminary polymerization, the catalyst which has undergone preliminary polymerization tends 
to contain extremely fine particles of the catalyst which have been produced upon preliminary polymerization by the 
catalyst present outside the catalyst particles. It is noted that the amount of the remaining inert solvent may affect the 
activity at the time of gas phase preliminary polymerization, and that the preliminary polymerization can be readily 
controlled when approximately 5% by weight or more of the inert solvent remains. 

The above-described operation for impregnation is conducted, in general, under an inert atmosphere at a temper- 
ature rangingfrom -78°C to lOO'C, preferably from -78°C to 50°C. Timeforthe impregnation process can bedetermined 
freely. However, it is generally within 24 hours, preferably within 10 hours. 

Components (i), (ii) and (iii) can be used in any amount. However, in general, an alumoxane, Component (ii), is 
used in the range of 0.1 g to 10 g, preferably 0.3 g to 5 g, for 1 g of Component (i). When this amount is less than 0.1 
g, the activity per the solid catalyst may not be fully obtained. On the other hand, when the amount is in excess of 10 
g, an alumoxane which is not supported in Component (i) is to remain as independent particles, and these particles 
reveal activity together with Component (iii), producing a finely particulate polymer. 

Component (iii) can also be used in any amount. However, in general, the amount of Component (iii) in a molar 
ratio is 1 to 10,000, preferably 10 to 3,000, more preferably 30 to 1,000, per an aluminium atom in Component (ii). 

When preliminary polymerization is conducted where the solid product comprising Component (i) having thereon 
or impregnated with Components (ii) and (iii) is contacted with an olefin under the gas phase condition, ethylene, 
propylene, butene-1, 3-methylbutene-1 or a mixture thereof may be used as the olefin monomer. In order to control 
the molecular weight of the polymer at the preliminary polymerization, it is also possible to use hydrogen, if necessary. 
The preliminary polymerization is conducted at a temperature normally ranging from -78°C to 100°C, preferably from 
-78 P C to 50°C. The preliminary polymerization time is in the range of 1 minute to 24 hours, preferably 5 minutes to 10 
hours. The amount of a polymer produced at the preliminary polymerization is preferably in the range of 0.01 g to 500 
g, more preferably 0.1 g to 100 g, most preferably 0.2 g to 30 g, per 1 g of the solid product or catalyst comprising 
Components (i) + (ii) + (iii) obtained by impregnating Component (i) with Components (ii) and (iii). When this amount 
is less than 0.01 g, the effect of the gas phase preliminary polymerization may not be obtained, and the catalytic 
components, Components (ii) and (iii), may tend to be detached from the solid catalyst when used in the main polym- 
erization to be conducted thereafter whereby a finely particulate polymer will be produced. When the amount of a 
polymer at the preliminary polymerization is more than 500 g, the product of preliminary polymerization is a kind of a 
polymer rather than a solid catalyst. For this reason, the activity at the time of the main polymerization may tend to be 
lowered and the handling of the catalyst (feeding means, the structure of a tank housing the catalyst to be fed, and the 
like) may also tend to be difficult. 

[Use of Solid Catalyst/Polymerization of Olefin] 

The catalyst according to the present invention is not only applied to slurry polymerization wherein a solvent is 
used but also to liquid-phase solvent-free polymerization, gas phase polymerization and melt polymerization which 
use substantially no solvent. The catalyst of the present invention can also be applied to continuous polymerization 
and batch-wise polymerization. 

A saturated aliphatic or aromatic hydrocarbon such as hexane, heptane, pentane, cyclohexane, benzene or toluene 
is used singly or in combination of two or more as a solvent for use in the slurry polymerization. 

The solid catalyst of the present invention shows remarkable capability of forming a polymer in improved granu- 
lomere properties when it is used in gas phase polymerization. 
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The polymerization temperature is normally -78°C to 200°C, preferably -20°C to 100°C. There is no particular 
limitation on the olefin pressure in the reaction system. However, the pressure is preferably in the range of normal 
pressure to 50 kg/cm 2 G (1 kg/cm 2 G = 0.981 bar G). In addition, upon conducting the polymerization, the molecular 
weight may be controlled by any known means, for example, by selecting the temperature and pressure, or by intro- 
ducing hydrogen to the system. 

It is needless to say that the polymerization proceeds when the solid catalyst of the present invention and monomers 
are present. However, it is also possible to conduct the polymerization in the presence of an organoaluminium com- 
pound in the system in order to enhance the polymerization activity or to counteract a catalytic poison. 

Specific examples of such an organoaluminium compound include compounds represented by R 5 3 . n AIX n or 
R 6 3 . m AI(OR 7 ) m , wherein R 5 and R 6 , which may be the same or different, are a hydrocarbon radical having approximately 
1 to 20 carbon atoms or a hydrogen atom, R 7 is a hydrocarbon radical having approximately 1 to 20 carbon atoms, X 
is halogen, and n and m are a number of 0 <, n < 3 and 0 < m < 3 respectively; and compounds represented by the 
following general formula (I) or (II): 



in which p is a number of 0 to 50, preferably 2 to 25, and R 8 represents a hydrocarbon radical, preferably one having 
1 to 10 carbon atoms, particularly 1 to 4 carbon atoms. 

Specifically, the following compounds can be mentioned as the organoaluminium compound: 

(a) trialkylaluminiums such as trimethylaluminium, triethylaluminium, triisobutylaluminium, trihexylaluminium, tri- 
octylaluminium and tridecylaluminium; (b) alkylaluminium halides such as diethylaluminium monochloride, diisobuty- 
laluminium monochloride, ethylaluminium sesquichloride and ethylaluminium dichioride; (c) alkylaluminium hydrides 
such as diethylaluminium hydride and diisobutylaluminium hydride; (d) aluminium alkoxides such as diethylaluminium 
ethoxide and diethylaluminium phenoxide; and (e) alumoxanes such as methyl alumoxane, ethyl alumoxane, isobutyl 
alumoxane and methylisobutyl alumoxane. It is also possible to use a mixture of two or more of the above compounds. 
Of these compounds, trialkylaluminiums and alumoxanes are preferred. 

A further or a third component can be added to the solid catalyst of the present invention with or without an orga- 
noaluminium compound combined therewith as an optional component, and examples of such a further component 
include active -hydrogen -containing compounds such as H 2 0, methanol, ethanol and butanol; electron -donor com- 
pounds such as an ether, an ester and an amine; alkoxy-containing compounds such as phenyl borate, dimethylmeth- 
oxyaluminium, phenyl phosphite, tetraethoxysilane and diphenyldimethoxysilane; and Lewis acids such as triphenyl- 
boron, tris(pentafluorophenyl)boron and triphenylcarbyltetrakis(pentafluorophenyl)boron. 

The catalyst for use in the method according to the present invention is formed by bringing the components of the 
above-described solid catalyst and an optional component which is added when necessary into contact with one another 
inside or outside the polymerization system at the same time or by stages. 

An olefin which is polymerized by the use of the catalyst of the present invention, that is, an olefin which is used 
for the polymerization reaction in the process according to the present invention is preferably an ct-olefin having 2 to 
20, preferably 2 to 10 carbon atoms. Specific examples of such an ct-olefin include ethylene, propylene, 1-butene, 
4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1 -tetradecene, 1 -hexadecene, 1-octadecene and 
1-eicocene. Of these, ethylene, propylene, 1-butene and 1-hexene are particularly preferred. It is also possible to use 
a mixture of two or more of these a-olefins. 

As specific examples of copolymerization, it is also possible to copolymerize any of the above a-olefins and eth- 
ylene by the use of the catalyst of the present invention. Moreover, the catalyst of the present invention is also useful 
for copolymerization of any of the above a-olefins and other copolymerizable monomer, for example, a conjugated or 
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unconjugated diene such as butadiene, 1 ,4-hexadiene, 1,8-nonadiene or 1 ,9-decadiene, or a cyclic olefin such as 
cyclopentene, cyclobutene, cyclooctene, norbornene or dicyclopentadiene. 

The solid catalyst of the present invention may preferably be used in a polymerization process according to Claim 
20 for producing propylene block copolymers which comprises at least two stages, a first step polymerization and a 
5 second step polymerization. 

<Preferred two-step polymerization for producing propylene block copolymers> 

1st Step Polymerization 

10 

A first step polymerization is a process in which propylene or a mixture of propylene and ethylene is supplied to a 
polymerization system containing the above-described solid catalyst and an optional component which is added when 
necessary, and polymerized in a single stage or multiples stages to produce a propylene crystalline homopolymer or 
a propylene-ethylene copolymer having an ethylene content of 5% by weight or less, preferably t .0% by weight or less 
is in an amount of 30 to 95% by weight, preferably 50 to 90% by weight, more preferably 60 to 90% by weight, of the 
total amount of the polymerization product produced in the two steps. 

When the ethylene content of the propylene-ethylene copolymer obtained by a first step polymerization exceeds 
5% by weight, the rigidity of the copolymer and, in turn, of the propylene block copolymer, is reduced, and the amount 
of a low-crystalline polymer as a by-product is drastically increased. The amount of a low-crystalline polymer as a by- 
20 product is increased also when the amount of polymer in the first step is less than the lower limit of the above -described 
range. On the other hand, when the amount of polymer in the first step exceeds the upper limit of the above-described 
range, the effect of improving the impact strength of a polymer, which is an object of the production of the block copol- 
ymer, may not be obtained. 

A gas phase method in which no liquid solvent is substantially used and each monomer is maintained substantially 
25 in a gaseous state can be adopted as a polymerization manner for the initial polymerization. This method can be 
conducted by continuous polymerization, batch-wise polymerization, or a manner in which prepolymerization is con- 
ducted. Further, as long as monomers are maintained in a gaseous state, the presence of a small amount of an inert 
solvent or a liquid monomer is not excluded. In this case, a satu rated aliphatic or aromatic hydrocarbon such as hexane, 
heptane, pentane, cyclohexane, benzene or toluene, or a mixture thereof is used as the inert solvent. 
30 The polymerization temperature is approximately -70°C to 200°C, preferably 0°C to 150°C, and hydrogen may be 

additionally used as a molecular-weight modifier when the polymerization is conducted at this temperature. It is suitable 
to conduct the polymerization under a pressure of 0 to 90 kg/cm 2 G, preferably 0 to 60 kg/cm 2 G, and particularly 1 to 
50kg/cm 2 G. 

Further, in order to enhance the activity, not to produce a by-product polymer which is soluble in a solvent, and to 
35 prevent the melting point of the polymer desired from lowering, it is desirable to use a solid catalyst which has undergone 
the preliminary polymerization wherein propylene is polymerized before conducting the main polymerization, in this 
case, it is sufficient enough that the amount of propylene polymerized at the preliminary polymerization to the total 
amount of the polymer produced be generally 1 0% by weight or less, preferably 5% by weight or less. 

In this case, the temperature for preliminarily polymerizing propylene is, in general, the same as or lower than the 
^0 temperature for the subsequent main polymerization. The preferred temperature for the preliminary polymerization of 
propylene is therefore -30°C to 70°C, more preferably 0 to 50°C. A pressure of, in general, normal pressure to 20 kg/ 
cm 2 G, preferably normal pressure to 5 kg/cm 2 G can be adopted for this preliminary polymerization. However, the 
pressure is not necessarily limited to the above range as long as the proportion of the amount of propylene polymerized 
at the preliminary polymerization to the amount of the desired copolymer produced is within the above range. 
45 The molecular weight of the polymer formed at the first step can be controlled by adding hydrogen to the polym- 

erization step. 

2nd Step Polymerization 

50 A second step polymerization is a process in which a mixture of propylene and ethylene and/or an a-olefin having 

4 to 20 carbon atoms is further introduced to the polymerization system subsequently to the first polymerization to 
obtain a copolymer of propylene/ethylene and/or the a-olefin having 4 to 20 carbon atoms, having the comonomer 
content of 20 to 100 mol%, preferably 30 to 80 mol%, more preferably 30 to 70 mol%, the comonomer being at least 
one monomer selected from the group consisting of ethylene and a-olefins having 4 to 20 carbon atoms, in a single 

55 stage or multiple stages wherein the polymerization activity at the first polymerization is utilized, that is, at least a part 
of the polymerization catalyst used in the first step polymerization is utilized. In this process, it is desirable to produce 
a polymer in an amount corresponding to 5 to 70% by weight, preferably 10 to 50% by weight, more preferably 10 to 
40% by weight, of the total amount of the polymers produced in both the steps. 
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The polymerization temperature for the second step polymerization is 0°C to 90°C, preferably about 40°C to 80°C. 
The polymerization pressure is, in general, in the range of 1 to 50 kg/cm 2 G. 

It is preferable that a polymerization system or a polymerization vessel be purged of propylene gas or propylene/ 
ethylene mixture gas and hydrogen after the first step polymerization is completed, and before the second step po- 
lymerization is started. 

In the second step polymerization, a molecular-weight modifier may be or may not be used depending on the 
purpose. 

Manner of Polymerization 

The second step polymerization according to the present invention can also be conducted by any of a batch-wise, 
continuous or semi batch-wise method. In these case, it is preferable that monomers which are substantially in a 
gaseous state be polymerized without any liquid medium used. As long as the monomers are maintained substantially 
in a gaseous state, it is not excluded that a small amount of an inert solvent or a monomer in a liquid state is present 
in the polymer and/or the solid catalyst impregnated therewith. 

Block Copolymer Produced 

A polymer obtained in the first step polymerization is a stereoregular polymer having an [mm] or [rr] triad fraction 
according to 13 C-NMR of 0.80 or more. The [mm] or [rr] fraction of the polymer according to 13 C-NMR spectrum is one 
determined by using "JEOL FX-200' manufactured by JEOL, Ltd. under such conditions that the temperature is 1 30°C, 
the frequency is 50.1 MHz, the spectral width is 8000 Hz, the pulse repeating time is 2.0 seconds, the pulse width is 
7 microseconds, and the integral number is 1 0,000 to 50,000 times. The spectrum obtained was analyzed in accordance 
with the method by A. Zambelli (Macromolecules, 21 , 617(1988)) and the method by Tetsuro Asakura (the preprints 
for the meeting of the Society of Polymer Science, Japan, 36 (8), 2408 (1 987)). 

The [mm] or [rr] triad fraction herein means the ratio (y/x) of the number (y) of triads in the [mm] or [rr] structure to 
the total number (x) of triads which are in three possible stereoisomers, that is, triads in the [mm] (isotactic), [mr] 
(heterotactic) and [rr] (syndiotactic) structures, wherein "triad" is a "trimer unit" which is a monomer unit in an a-olefin 
polymer and a minimum unit of a stereostructure. 

The number-average molecular weight (Mn) of the polymer obtained in the first step polymerization is usually from 
20,000 to 200,000. When the Mn is less than 20,000, the polymer finally produced may not have a sufficiently high 
viscosity when melted, so that it is difficult to mold this polymer. On the other hand, when the Mn is in excess of 200,000, 
it is impossible to retain the rigidity of the polymer high contrary to the object of the present invention. The Mn is 
preferably between 30,000 and 100,000. 

The molecular-weight distribution of the polymer obtained, expressed by the Mw/Mn ratio determined by gei per- 
meation chromatography (GPC), is in the range of 3.5 or less, preferably 1 to 2.8. In general, a polymer obtained with 
a catalyst used consisting of a metal locene compound and an alumoxane is one having an Mw/Mn of 3.5 or less. Those 
polymers which have an Mw/Mn of more than 3.5 may contain a relatively increased amount of low-molecular-weight 
matters, so that the amount of soluble matter as a by-product is increased, and it may also be difficult to retain the 
rigidity high. 

It is noted that the measurement by means of gel permeation chromatography was carried out according to a 
method set forth in "Gel Permeation Chromatography" authored by Takeuchi, published by Maruzen Co., Ltd. Japan. 
Namely, the Mw/Mn value was determined with a standard polystyrene used (homodisperse polystyrene, manufactured 
by Toyo Soda Manufacturing Co., Ltd.) having a known molecular weight, obtaining the number-average molecular 
weight (Mn) and the weight-average molecular weight (Mw) of a polymer by calculation in accordance with the universal 
method. The measurement was conducted by using 150C-ALC/GPC manufactured by Waters Manufacturing, Inc., 
and three AD80M/S columns manufactured by Showa Denko K.K. A sample was prepared by dissolving the polymer 
in o-dichlorobenzene to give a 0.2 wt% solution, and 200 u.€ of this sample was used for the measurement. The meas- 
urement was carried out at a temperature of 140°C and at a flow rate of 1 ml/min. 

The block copolymer obtained by the method according to the present invention is characterized in that the copo- 
lymerization ratio (r p Xr EN ) of the polymer obtained by extraction of the polymer obtained after the second step polym- 
erization with cold xylene in the second step polymerization is 2.0 or less. A preferable copolymerization ratio is 1.0 
or less. In the case of copolymerization of propylene and ethylene, the reaction ratio of monomers is expressed by the 
product of r p and r EN . The r p and r EN are calculated, as described in K. Soga, Macromol. Chem., 1 91 , p. 2854 (1990), 
by the equations r p = 2 [PP]/[PE]X and r EN = 2 [EE]X/[PE] (X = propylene/ethylene (molar ratio of propylene to ethylene 
charged in a solvent)), respectively. It is required that the value of r p x r EN be in the range of 2.0 or less, preferably 
1.0 or less. 

Further, the number-average molecular weight of the polymer obtained by the second step polymerization is 50,000 
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or more, preferably 90,000 or more. When this is less than 50,000, the effect of improving the impact resistance is so 
small that the aimed effect of the present invention may not be obtained. 

<P reduction of elastomers> 

5 

Polymerization for producing particulate elastomers may be performed by a vapor/gas phase method wherein 
monomers concerned are held as gas substantially without a liquid solvent, in any polymerization mode including 
continuous and batch-wise polymerization and a method in which preliminary polymerization is practiced. As long as 
the monomers are maintained at a gaseous state, a small amount of an inert liquid solvent and/or any of the monomers 
10 in a liquid state may be permissible to present in the polymerization. Examples of such inert liquid solvents include 
saturated aliphatic and aromatic hydrocarbons such as hexane, heptane, pentane, cyclohexane, benzene and toluene 
as such or in combination. 

The polymerization temperature may be approx. -78°C to 200°C, preferably 0 to 150°C, hydrogen being used 
upon necessity for regulating the molecular weight of the resultant polymer, and the polymerization pressure may be 
15 o to 90 kg/cm 2 G, preferably 0 to 60 kg/cm 2 G, more preferably 1 to 50 kg/cm 2 G. 

In order to improve the activity of catalyst, to reduce the amount of a soluble polymer as a by-product or to prevent 
lowering of a melting point, the catalyst can be subjected to preliminary polymerization where propylene or ethylene 
as it is or in combination with another a-olefin is polymerized by the catalyst to form a small amount of the polymer, 
for example, up to 10% by weight, preferably 5% by weight, of the total amount of the polymer Excessively high amount 
20 of the polymer at the preliminary polymerization may lower the elastomeric properties of the elastomer desired. The 
temperature for the preliminary polymerization is, in general, at the same as or lower than the level at which the sub- 
sequent main polymerization is conducted, and may be -30 to 70°C, preferably 0 to 50°C. The polymerization pressure 
may, in general, be atmospheric to 20 kg/cm 2 G, preferably atmospheric to 5 kg/cm 2 G, although the pressure may not 
be restricted in the range, as long as the amount of polymer at the preliminary polymerization is within the range given 
2S above. 

The elastomer may be prepared from a combination of two or more monomers of ethylene, propylene, an a-olefin 
of 4 to 20 carbon atoms, such as combination of ethylene/propylene, ethylene/1 -butene, ethylene/1 -hexene, propylene/ 
1-butene, and propylene/1 -hexene; and ethylene/propylene/1 -butene, and ethylene/propylene/ethylidenenorbornene. 
The monomeric compositional ratio may be 10/1 to 1/10 for a two : monomers combination of monomer (1)/monomer 
30 (2) and 10/1/0.1 1/10/1 for a three-monomers combination of monomer (1)/monomer (2)/monomer (3), where mono- 
mers (1), (2) and (3) are such that monomer (1) has the lowest molecular weight in any of the combinations and 
monomer (3) has the highest molecular weight and monomer (2) is in between. 

Measurement of Practical Physical Properties> 

35 

An additive having the following formulation was incorporated into the polymer obtained in any of the following 
Examples, and the resulting mixture having the composition as shown in Table 1 was melted and kneaded in a plastomill 
manufactured by Toyo Seiki Co., Ltd. having an internal volume of 60 ml at a temperature of 230°C at a velocity of 60 
rpm for 6 minutes. The resulting mixture was press-molded at 230°C to prepare a sheet having a thickness of 2 mm. 
40 Various test pieces were obtained by cutting the sheet, and subjected to the evaluation of the practical physical prop- 
erties of the polymer. 



Formulation of Additive: 


2,6-di-tert-butyl phenol 

RA 1010 (Trademark, manufactured by Ciba-Geigy, Ltd.) 


0.10% by weight 
0.05% by weight 



Methods of Measurement and Evaluation 

so (a) Flexural Modulus 

Test pieces having a width of 25 mm and a length of 80 mm were obtained by cutting, and the flexural modulus 
was measured in accordance with JIS K 7203 by using an Instron tester, 
(b) Izod Impact Strength 

Three sheets of test pieces, each having a thickness of 2 mm were placed one over another, and the notched 
55 Izod impact strength at 23°C was measured in accordance with JIS K 71 10. 
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EXAMPLES 
<Example-A1 > 
5 Preparation of Catalytic Component (iii) 

Dimethylsilylbis(tetrahydroindenyl)zirconium dichloride was synthesized in accordance with the methods de- 
scribed in J. Orgmet. Chem., (342) 21-29, 1988 and J. Orgmet. Chem., (369) 359-370, 1989. 

Specifically, in a 300 ml flask purged with nitrogen, 5.4 g of bis(indenyl)dimethylsilane was diluted with 150 ml of 

10 tetrahydrofuran and the mixture was cooled to no higher than -50°C. To this mixture, 23.6 ml of n -butyl lithium (1.6 M/ 
L) was added dropwise over 30 minutes. After the addition was completed, the mixture was warmed to room temper- 
ature over 1 hour, and a reaction was carried out at room temperature for 4 hours to synthesize a reaction solution A. 

To a 500 ml flask purged with nitrogen, 200 ml of tetrahydrofuran was introduced and cooled to a temperature of 
no higher than -50°C. 4.38 g of zirconium tetrachloride was then gradually introduced to the flask, followed by the 

75 whole quantity of the reaction solution A. The mixture was gradually warmed to room temperature over 3 hours. After 
a reaction was carried out at room temperature for two hours, the reaction mixture was warmed to 60°C, and the 
reaction was carried out for further two hours. After the reaction was completed, the solvent was distilled off under 
reduced pressure, and the residue was dissolved in 100 ml of toluene. The solvent was distilled off again, thereby 
giving 3.86 g of crude crystals of dimethylsilylbis(indenyl)zirconium dichloride. 

20 Subsequently, the crude crystals were dissolved in 150 ml of dichloromethane, and the solution was introduced 

to a 500 ml autoclave. After 5 g of a platinum-carbon (0.5 wt% of platinum supported) catalyst was introduced to the 
autoclave, a hydrogenation reaction was carried out under a hydrogen pressure of 50 kg/cm 2 G at a temperature of 
50°C for 5 hours. After the reaction was completed, the catalyst was filtered off, and the solvent was distilled off under 
reduced pressure. The residue was extracted with toluene and then recrystallized to give 1.26 g of the desired com- 

2S pound, dimethylsilylbis(tetrahydroindenyl)zirconium dichloride. 

Preparation of Component (ii) 

To a 1000 ml flask thoroughly purged with nitrogen, equipped with a stirrer and a reflux condenser, 100 ml of 
30 toluene which had been dehydrated and deoxygenated was introduced. Subsequently, 0.72 g (10 mmol) of trimethyl- 
aluminium and 1 .96 g (1 0 mmol) of triisobutylaluminium were diluted in 50 ml of toluene in one of two dropping funnels, 
and toluene containing saturated water was introduced to the other funnel. The mixed aluminium solution and the 
toluene containing saturated water were fed to the flask at 30°C over 3 hours in such a manner that an equimolar 
amount of the Al and the H 2 0 were fed at the same time. After the feeding was completed, the mixture was heated to 
35 50°C, and a reaction was carried out for 2 hours. After the reaction was completed, the solvent was distilled off under 
reduced pressure, thereby obtaining 1 .9 g of a white solid. The white solid thus obtained was dissolved in toluene, and 
the solution was subjected to a measurement using 27 AI-NMR. As a result, a spectrum having a chemical shift at 1 74 
ppm with a half band width of 5844 Hz was obtained. 

40 Preparation of Solid Catalyst 

Porous polypropylene powder (Trademark u Accurel a , 200-400 ujti classified product) manufactured by Akzo N.V. 
was used as Component (i). This powder had a pore volume of pores having a diameter between 0.05 to 2.0 jim of 
1 .89 cc/g, and a total pore volume of all pores having a diameter between 0.006 to 10 urn of 2.54 cc/g. 

45 To a 300 ml flask thoroughly purged with nitrogen, 3 g of the above-described porous polypropylene manufactured 

by Akzo N.V., Component (i), and a solution in 40 ml of toluene of approximately 1.8 g (0.0228 mol) of the above- 
synthesized methylisobutylalumoxane, Component (ii), were introduced. Subsequently, 42 mg (0.94 mmol) of the 
above-synthesized dimethylsilylenebis(tetrahydroindenyl)zirconium dichloride was introduced. Thereafter, while stir- 
ring the mixture, the toluene was distilled off at room temperature under a stream of nitrogen over 1 hour so that 

50 polypropylene particles would be able to flow independently. A part of the resultant was taken out and dried at 50°C 
under reduced pressure. As a result, the weight loss of the mixture was found to be 1 5%, and the toluene was collected 
in a cooled trap. 

The above-obtained impregnated solid was subjected to preliminary polymerization where propylene was prepo- 
lymerized which flew thereover under atmospheric pressure. The preliminary polymerization was conducted at a tem- 
55 perature between 10°C and 20°C for 30 minutes by controlling the flow of propylene gas while cooling the system with 
ice water. The polymerization temperature was controlled by cooling the system with ice water and also by changing 
the mixing ratio of circulating gas, namely a mixture of propylene and nitrogen. After the preliminary polymerization 
was completed, a solid produced was collected. As a result, 11.5 g of the solid was obtained. The Zr content of this 
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solid was 0.71 mg/g. The polymer yield at the preliminary polymerization was 800 g per 1 g of Zr. 
Polymerization of Propylene 

5 To an autoclave equipped with a stirrer and having an internal volume of 1 .5 liter was introduced 80 g of table salt 

which had been thoroughly dehydrated and purged with nitrogen. The inside of the autoclave was then heated to 50°C, 
and replaced by propylene. Subsequently, 0.6 g of the above-obtained solid catalyst was introduced, and gas phase 
polymerization was conducted under a propylene pressure of 7 kg/cm 2 G at a temperature of 50°C for 2 hours. After 
the polymerization was completed, the solid produced was collected, and the table salt was washed away from the 

10 solid with a large amount of water. The resultant was dried, thereby giving 22 g of a polymer. The yield was therefore 
51 .6 kg per 1 g of Zr. The melting point of the polymer was 127.7°C. The [mm] triad fraction of the polymer, determined 
by a measurement using 13 C-NMR, was 0.86. The number-average molecular weight determined by GPC was 1 4,700, 
the Q value (Mw/Mn) was 2.46 and the average particle diameter was 1 .6 mm. 

'5 <Example-A2> 

Polymerization was conducted under the same conditions as in Example-A1 except that the time for the polymer- 
ization of propylene was changed to 6 hours. The results are shown in Table 1 . 

20 <Example-A3> 

After the solid catalyst obtained in Example-A1 was preserved under a nitrogen atmosphere for 1 month, polym- 
erization was conducted under the same conditions as in Example-A1. The results are shown in Table 1. 

25 <Examples-A4 to A6> 

Polymerization was conducted under the same conditions as in Example-A1 except that 0. 1 1 g of polymethylalu- 
moxane (with 1 6 monomers associated) manufactured by Tosoh-Akzo Co., Ltd., polyisobutylalumoxane manufactured 
by Tosoh-Akzo Co. Ltd., or triisobutylaluminium was used as an optional component together with 0.6 g of the solid 
30 catalyst at the. time of the polymerization of propylene. The results are shown in Table 1 . 

<Example-A7> 

Preparation of Solid Catalyst 

35 

A solid catalyst was prepared under the same conditions as in Example-AI except that 2.5 g of methyl isobutylalu- 
moxane, Trademark "MMAO" (modified methylalumoxane), manufactured by Tosoh-Akzo Co., Ltd. was used instead 
of the m ethyl isobutylalumoxane, Component (ii), used in Example-AI, and that 70.7 mg of the dimethylsilylenebis(tet- 
rahydroindenyl)zirconium dichloride, Component (iii), was used. It is noted that a broad spectrum having a chemical 
40 shift at 190 ppm with a half band width of 6550 Hz was obtained when the above-described "MMAO" manufactured 
by Tosoh-Akzo Co., Ltd. was subjected to a measurement using 27 AI-NMR. The toluene content of the impregnated 
solid was approximately 8% by weight. The Zr content of the solid catalyst having undergone the preliminary polym- 
erization was 1 .21 mg/g, and the yield at the preliminary polymerization was 440 g per 1 g of Zr. 

45 Polymerization of Propylene 

, Polymerization was conducted under the same conditions as in Example-AI except that 0.5 g of the above-obtained 

solid catalyst and 0.12 g of the "MMO" manufactured by Tosoh-Akzo Co., Ltd., which was the same one as was used 
in the above preparation of the solid catalyst, were used. The results are shown in Table 2. 

50 

<Example-A17> 

Preparation of Solid Catalyst . 

55 3 g, 1.8 g and 46 mg of Components (i), (ii) and (iii) which were the same ones as were used in Example-AI were 

used, respectively. They were dissolved in 40 ml of toluene. To this solution, 60 ml of n-heptane was further added to 
precipitate a reaction product. Subsequently, the resulting mixture which was in a slurry state was subjected to prelim- 
inary polymerization which was conducted at 20°C for 30 minutes by feeding propylene in a circulatory manner under 
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atmospheric pressure. After the preliminary polymerization was completed, a supernatant liquid was removed by de- 
cantation, and the residue was washed three times with 200 ml of n-heptane. The solvent was then distilled off under 
reduced pressure, thereby giving 10.5 g of a desired solid catalyst. In this solid catalyst, 0.61 mg/g of Zr was contained, 
and the polymer yield at the preliminary polymerization was approximately 890 g per 1 g of Zr. 

5 

Polymerization of Propylene 

Polymerization was conducted under the same conditions as in Example-A1 except t hat 0. 8 g of the above-obtained 
solid catalyst was used. The results are shown in Table 1; The polymer thus obtained contains many fine particles 
10 whose diameter is 300 jim or less, so that it is unfavorable for the operation of gas phase polymerization. 

<Examples-A8 and A9> 

4 g of porous polypropylene powder (Trademark "Accurel", <100 u. classified product) manufactured by Akzo N. 
is V. was used as Component (i). This powder had a pore volume of pores having a diameter between 0.05 and 2.0 uin 
of 1 .66 cc/g, and a total pore volume of all pores having a diameter between 0.006 and 1 0 u,m of 2.33 cc/g. 

2.5 g of the same "MMAO" manufactured by Tosoh-Akzo Co., Ltd. as was used in Example-A7 as Component (ii), 
and 56.3 mg of the dimethylsilylenebts(tetrahydroindenyl)zirconium dichloride synthesized in Example-A1 were diluted 
in 40 ml of toluene, and the mixture was added to Component (i). The toluene was then removed by a stream of nitrogen 
20 over 30 minutes, thereby obtaining an impregnated solid. The toluene content of the impregnated solid was approxi- 
mately 6% by weight. 

Subsequently, preliminary polymerization was conducted in the same manner as in Example-A1, that is, under a 
stream of propylene at a temperature of 10°C to 20°C for 30 minutes. Thus, 12.8 g of a desired solid catalyst was 
obtained. 0.82 mg/g of Zr was contained in this catalyst, and the polymer yield at the preliminary polymerization was 
25 600 g per 1 g of Zr. 

Polymerization of Propylene 

Polymerization was conducted under the same conditions as in Example-Al or A7 except that 0.6 g of the above- 
30 obtained solid catalyst was used. The results are shown in Table 2. 

<Examples-A1 0 and A1 1 > 

Preparation of Component (i) 

35 

To a 2000 ml glass flask, 20 g of polypropylene powder (upon a measurement by a porosimeter, the powder was 
found to have a pore volume of pores having a diameter of 0.006 to 10 ujti of 0.016 cc/g, an average pore diameter 
of 160 angstrom (1 angstrom = 0.1 nm), and an average particle diameter of 210 to 300 jim) was introduced, followed 
by 320 ml of n-heptane, 1280 ml of n-octane and 1 g of boiling stone. While stirring, the mixture was heated to the 

40 boiling point of the above solvent mixture. After the temperature reached the boiling point, the solvent mixture was 
removed in 15 minutes. The resulting polypropylene powder was then dried by blowing of nitrogen. 

By this extracting process, porous polypropylene powder which is fit for the object of the present invention was 
obtained. Upon a measurement by a porosimeter, the powder thus obtained was found to have a pore volume of pores 
having a diameter between 0.05 and 2 jim of 0.981 cc/g, a pore volume of pores having a diameter between 0.006 

45 and 10 u.m of 1 .14 cc/g, and an average particle diameter of 210 to 300 urn 

Preparation of Solid Catalyst 

A solid catalyst was prepared under the same conditions as in Example-A7 except that 4 g of the above-obtained 
50 Component (i), 2.5 g of the same "MMAO" manufactured by Tosoh-Akzo Co., Ltd. as was used in Example-A7, and, 
as Component (iii), 48.5 mg of the dimethylsilylenebis(tetrahydroindenyl)zirconium dichloride were used, whereby 9.8 
g of a solid catalyst was obtained. In this catalyst, 0. 93 mg/g of Zr was contained, and the polymer yield at the preliminary 
polymerization was approximately 350 g per 1 g of Zr. 

55 Polymerization of Propylene 

Polymerization was conducted under the same conditions as in Example-A1 or A7 except that 0.6 g of the above- 
obtained solid catalyst was used. The results are shown in Table 2. 
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Comparative Examples-A1 and A2> 

A solid catalyst was prepared in the same manner as in Example-A10 or All except that the polypropylene powder 
before subjected to the removal of the solvent mixture of n-heptane and n-octane by extraction was used as Component 
5 (i). The Zr content of this catalyst was 0.70 mg/g, and the polymer yield at the preliminary polymerization was 880 g 
per 1 g of Zr. 

Polymerization of propylene was conducted under the same conditions as in Example-AI or A7. The results are 
shown in Table 2. 

10 Comparative Examp!es-A3 and A4> 

Polymerization was conducted under the same conditions as in Comparative Example-A1 or A2 except that 4 g 
of silica (#952) manufactured by Fuji-Davison Chemical, Ltd. was used as Component (i). The results are shown in 
Table 2. The Zr content of the catalyst was 0.97 mg/g, and the polymer yield at the preliminary polymerization was 
75 approximately 330 g per 1 g of Zr. 

Comparative Example-A5> 

After the solid catalyst prepared in Comparative Example-A3 was preserved under a nitrogen atmosphere for 1 
20 month, polymerization was conducted under the same conditions as in Example-A1 7. The results are shown in Table 2. 

<Example-A1 2> 

Preparation of Component (iii) 

25 

lsopropylidene(cyclopentadienyl)(fluorenyl)zirconium dichloride was synthesized in the following manner. 
To a 500 ml flask thoroughly purged with nitrogen, 200 ml of THF and 5 g of fluorene were introduced, and the 
mixture was cooled to a temperature of no higher than -50°C. 67 ml of a dilute solution of methyllithium in diethyl ether 
(1 .4 M) was then added dropwise to the mixture over 30 minutes. The resulting mixture was warmed to room temper- 

30 ature, and a reaction was carried out for three hours. Subsequently, the reaction mixture was cooled again to no higher 
than -50°C, and 1 0 g of 6,6-dimethylf ulvene was added dropwise to it over 30 minutes. After the addition was completed, 
the mixture was gradually warmed to room temperature, and a reaction was carried out two over nights. After the 
reaction was completed, 60 mi of H 2 0 was added to the mixture to terminate the reaction. The ether layer was sepa- 
rated, dehydrated by using anhydrous MgS0 4 , and dried by evaporation. Thus, 17.6 g of crude crystals of 2-cyclopen- 

35 tadienyl-2-ftuorenyl propane was obtained. 

Subsequently, 10 g of the above -obtained crude crystals were dissolved in 100 ml of THF, and the solution was 
cooled to no higher than -50°C. To this solution, 46.0 ml (0.0736 mol) of n-butyllithium was added dropwise over 10 
minutes. The mixture was warmed to room temperature over 1 hour, and a reaction was carried out at room temperature 
for 2 hours. Thereafter, the solvent was removed by evaporation under a stream of nitrogen, and the residue was dried. 

40 1 00 ml of dichloromethane was added to this, and the mixture was cooled to no higher than -50°C. To this mixture, a 
solution which had been obtained by mixing 8.16 g of zirconium tetrachloride with 50 ml of dichloromethane at a low 
temperature was fed without a rest. After mixing, the mixture was gradually warmed over three hours, and a reaction 
was carried out at room temperature one overnight. After the reaction was completed, a solid matter was removed by 
filtration, and a filtrate was subjected to concentration and recrystallization, thereby obtaining 4.68 g of isopropylidene 

45 (cyclopentadienyl)-(fluorenyl)zirconium dichloride, Component (iii), which was red in color. 

Preparation of Solid Catalyst 

A solid catalyst was prepared by the same method as in Example-A7 except that 65.5 mg of the above-obtained 
50 Component (iii) was used. The Zr content of the catalyst was 0.88 mg/g, and the polymer yield at the preliminary 
polymerization was 650 g per 1 g of Zr. 

Polymerization of Propylene 

55 Polymerization was conducted under the same conditions as in Example-A7 except that 0.8 g of the above-obtained 

solid catalyst was used. The results are shown in Table 3. 
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<Example-A13> 

Preparation of Component (iii) 

Dimethylsilylenebis(2-methylindenyl)zirconium dichloride was synthesized in the following manner. 

In a 500 ml a reaction vessel made of glass, 4.3 g (33 mmol) of 2-methylindene was dissolved in 80 ml of tetrahy- 
drofuran, and 21 ml of a 1.6 M hexane solution of n-butyllithium was gradually added dropwise to the solution white 
cooling. The mixture was stirred at room temperature for 1 hour, and then cooled again. To this mixture, 2.1 g of 
dimethyldichlorosilane was gradually added dropwise, and the mixture was stirred at room temperature for 12 hours. 
Thereafter, 50 ml of water was added. An organic layer was separated, and dried, thereby giving 3.5 g of dimethylbis 
(2-methylindenyl)silane. 

3.5 g of the above-obtained dimethylbis(2-methylindenyl)silane was dissolved in 7.0 ml of tetrahydrofuran, and 
13.9 ml of a 1 .6 M hexane solution of n-butyllithium was gradually added to this solution dropwise while cooling. The 
mixture was stirred at room temperature for three hours, and then gradually added dropwise to a solution of 2.6 g (11 
mmol) of zirconium tetrachloride in 60 ml of tetrahydrofuran. The mixture was stirred for 5 hours. Hydrogen chloride 
gas was then blown into the mixture, and the mixture was dried. Subsequently, methylene chloride was added to the 
mixture to separate a soluble matter which was crystallized at a low temperature. Thus, 0.45 g of orange powder was 
obtained. 

Preparation of Solid Catalyst 

A solid catalyst was prepared by the same method as in Example-A7 except that 98 mg of the above-obtained 
Component (iii) was used. The Zr content of the catalyst was 1.35 mg/g, and the polymer yield at the preliminary 
polymerization was 430 g per 1 g of Zr. 

Polymerization of Propylene 

Polymerization was conducted under the same conditions as in Example-A7 except that 1 .0 g of the above-obtained 
solid catalyst was used. The results are shown in Table 3. 

<Example-A14> 

Synthesis of Component (iii) 

Ethylenebis(indenyl)zirconium dichloride was synthesized in accordance with J. Orgmet. Chem., (288) 63-67, 
1985. 

Preparation of Solid Catalyst 

A solid catalyst was prepared by the same method as in Example-A7 except that 60.8 mg of the above-obtained 
Component (iii) was used. The Zr content of the catalyst was 1.02 mg/g, and the polymer yield at the preliminary 
polymerization was 350 g per 1 g of Zr. 

Polymerization of Propylene 

Polymerization was conducted under the same conditions as in Example-A7 except that 1 .0 g of the above-obtained 
solid catalyst was used. The results are shown in Table 3. 

<Example-A15> 

Preparation of Propylene/Ethylene Random Copolymer 

To an autoclave equipped with a stirrer and having an internal volume of 1 .5 liter, 80 g of table salt which had been 
thoroughly dehydrated and purged with nitrogen was introduced. The inside of the autoclave was then heated to 30°C, 
and replaced by propylene. Subsequently, 0.8 g of the solid catalyst prepared in Example-A1 was introduced to the 
autoclave. Gas phase polymerization was conducted under a propylene pressure of 7 kg/cm 2 G at 30°C for 2 hours 
with a feed of ethylene at a rate of 0.0375 g/min. After the polymerization was completed, the solid produced was 
collected, and the table salt was washed away from the solid with a large amount of water. The resultant was dried, 
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thereby giving 29.3 g of a polymer. The yield was therefore 51 .6 kg per 1 g of Zr. The melting point of the polymer was 
117.2°C. The [mm] triad fraction rate of the polymer, determined by a measurement using 13 C-NMR, was 0.93, and 
the ethylene content was 3.01 mol%. The number-average molecular weight determined by GPC was 23,700, the Q 
value (Mw/Mn) was 2.28, and the average particle diameter was 1 .6 mm. 

<Example-A16> 

Polymerization of Ethylene 

To an autoclave equipped with a stirrer and having an internal volume of 1 .5 liter, 80 g of table salt which had been 
thoroughly dehydrated and purged with nitrogen was introduced. The inside of the autoclave was heated to 80°C, and 
replaced by ethylene. After 50 cc of hydrogen was fed, polymerization was conducted with 0.5 g of the solid catalyst 
used which was prepared in Example-A4 under an ethylene pressure of 7 kg/cm 2 G at a temperature of 85° C for 2 
hours. The catalytic activity was 96.3 kg per 1 g of Zr. Upon measurement by GPC, the polymer obtained had an Mn 
of 21 ,500 and a Q value of 2.88. 
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<Example-B1> 

Preparation of Component (iii) 

5 Dimethylsilylenebis(2-methylindenyl)zirconium dichloride was prepared in the same manner as in the preparation 

of the component (iii) in Example-A13. 

Preparation of Component (ifl 

10 To a 1000 ml flask thoroughly purged with nitrogen, equipped with a stirrer and a reflux condenser, 100 ml of 

toluene which had been dehydrated and deoxygenated was introduced. Subsequently, 0.72 g (10 mmol) of trimethyl- 
aluminium and 1 .96 g (10 mmol) of triisobutylaluminium were diluted in 50 ml of toluene in one of two dropping funnels, 
and toluene containing saturated water was introduced to the other funnel. The mixed aluminium solution and the 
toluene containing saturated water were fed to the flask at 30° C over 3 hours in such a manner that an equimolar 

is amount of the Al and the H 2 0 were fed at the same time. After the feeding was completed, the mixture was heated to 
50°C, and a reaction was carried out for 2 hours. After the reaction was completed, the solvent was distilled off under 
reduced pressure, thereby giving 1 .9 g of methylisobutylalumoxane as a white solid. The white solid thus obtained was 
dissolved in toluene, and the solution was subjected to a measurement by 27 AI-NMR. As a result, a spectrum having 
a chemical shift at 174 ppm with a half band width of 5844 Hz was obtained. 

20 

Preparation of Solid Catalyst 

Porous polypropylene powder (Trademark "Accural", 200-400 jam classified product) manufactured by Akzo N.V. 
was used as Component (i). This powder had a pore volume of pores having a diameter between 0.05 to 2.0 ujti of 

25 1 .89 cc/g, and a total pore volume of pores having a diameter between 0.006 to 1 0 jam of 2.54 cc/g. 

To a 300 ml flask thoroughly purged with nitrogen, 3 g of the above-described porous polypropylene manufactured 
by Akzo N.V., the component (i), and 2.0 g (0.025 mol) of the above-synthesized methylisobutylalumoxane, Component 
(ii), in 40 ml of toluene was introduced. Subsequently, 95.2 mg of the above-synthesized dimethylsilylenebis(2-meth- 
ylindenyl)zirconium dichloride was introduced as Component (iii). While stirring the mixture, the toluene was distilled 

30 off at room temperature under a stream of nitrogen over 1 hour, thereby giving a desired solid catalyst. A small amount 
of the solid catalyst was taken as a sample, and dried at 50°C under reduced pressure. As a result, the weight loss of 
the sample was found to be 7%, and the toluene was collected in a cooled trap. 

Polymerization of Propylene 

35 

To an autoclave equipped with a stirrer and having an internal volume of 1 .5 liter was introduced 80 g of table salt 
which had been thoroughly dehydrated and purged with nitrogen. The inside of the autoclave was then heated to 50°C, 
and replaced by propylene. Subsequently, 0.5 g of the above-obtained solid catalyst was introduced, and gas phase 
polymerization was conducted under a propylene pressure of 7 kg/cm 2 G at a temperature of 50°C for 2 hours. After 

40 the polymerization was completed, the solid produced was collected, and the table salt was washed away from the 
solid with a large amount of water. The resultant was dried, thereby obtaining 17.5 g of a polymer. The yield was 
therefore 10.3 kg per 1 g of Zr. The melting point of the polymer was 140.7°C. The [mm] triad fraction rate of the 
polymer, determined by a measurement using 1 3 C-NMR, was 0.88. The number-average molecular weight determined 
by GPC was 112,000, the Q value (Mw/Mn) was 2.35 and the average particle diameter was 1 .6 mm. The proportion 

45 of fine particles having a diameter of 1 49 uin or less was 0.5% by weight. 

<Example-B2> 

Polymerization was conducted under the same conditions as in Example-B1 except that the time for polymerization 
50 of propylene was changed to 6 hours. The results are shown in Table 4. 

<Example-B3> 

After the solid catalyst obtained in Example-B1 was preserved under a nitrogen atmosphere for 1 month, polym- 
55 erization was conducted under the same conditions as in Example-B1. The results are shown in Table 4. 
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<Examples-B4 to B6> 

Polymerization was conducted under the same conditions as in Example-B1 except that a predetermined amount 
of polymethylalumoxane (with 16 monomers associated) manufactured by Tosoh-Akzo Co., Ltd., poiyisobutylalumox- 
ane manufactured by Tosoh-Akzo Co., Ltd. ortriisobutylaluminium was used as an optional component B together with 
0.6 g of the solid catalyst at the time of polymerization of propylene. The results are shown in Table 4. 

<Example-B7> 

Preparation of Solid Catalyst 

4 g of porous polypropylene powder (Trademark "Accural", <100 jim classified product) manufactured by Akzo N. 
V. was used as Component (i). The powder had a pore volume of pores having a diameter between 0.05 and 2.0 urn 
of 1.66 cc/g, and a total pore volume of pores having a diameter between 0.006 and 10 urn of 2.33 cc/g. 

2.5 g of methylisobutylalumoxane, the "MMAO" (Trademark) (Modified Methylaluminoxane) manufactured by 
Tosoh-Akzo Co., Ltd., Component (ii), and 86.6 mg of the dimethylsilylenebis(2-methylindenyl)zirconium dichloride 
synthesized in Example-B1 were diluted in 60 ml of toluene, and the mixture was added dropwise to Component (i) 
over 30 minutes. After the addition was completed, the toluene was removed by a stream of nitrogen at room temper- 
ature, thereby giving a desired solid catalyst. It is noted that a broad spectrum having a chemical shift at 1 90 ppm with 
a half band width of 6550 Hz was obtained when the above-described "MMAO" manufactured by Tosoh-Akzo Co., Ltd. 
was subjected to a measurement using 27 AI-NMR. The toluene content of the solid catalyst obtained was 9% by weight. 

Polymerization of Propylene 

Polymerization was conducted under the same conditions as in Example-B1 except that 0. 5 g of the above-obtained 
solid catalyst and 0.12 g of the same "MMAO" manufactured by Tosoh-Akzo Co., Ltd. as was used in the preparation 
of the above solid catalyst were used. The results are shown in Table 8. 

<Example-B8> 

Polymerization of Propylene 

Polymerization was conducted under the same conditions as in Example-BI except that 0.8 g of the solid catalyst 
obtained in Example-B7 was used. The results are shown in Table 5. 

<Examples-B9 and B10> 

Preparation of Component (\) 

To a 2000 ml glass flask, 20 g of polypropylene powder (upon measurement by a porosimeter, the powder was 
found to have a pore volume of pores having a diameter of 0.006 to 10 jam of 0.016 cc/g, an average pore diameter 
of 1 60 angstrom, and an average particle diameter of 21 0 to 300 ujti) was introduced, followed by 320 ml of n-heptane, 
1280 ml of n-octane and 1 g of boiling stone. While stirring, the mixture was heated to the boiling point of the above 
solvent mixture. After the temperature reached to the boiling point, the solvent mixture was remvoed in 15 minutes. 
The resulting polypropylene powder was dried by blowing of nitrogen. 

By this extracting process, porous polypropylene powder which is fit for the object of the present invention was 
obtained. By a measurement using a porosimeter, the powder thus obtained was found to have a pore volume of pores 
having a diameter between 0.05 and 2 urn of 0.981 cc/g, a pore volume of pores having a diameter between 0.006 
and 10 urn of 1,14 cc/g, and an average particle diameter of 210 to 300 um 

Preparation of Solid Catalyst 

A solid catalyst was prepared under the same conditions as in Example-B7 except that 4 g of the above-obtained 
component (i), 2.5 g of the "MMAO" manufactured by Tosoh-Akzo Co., Ltd., and, as Component (iii), 71.5 mg of the 
dimethylsilylenebis(2-methylindenyl)zirconium dichloride were used. 
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Polymerization of Propylene 

Polymerization was conducted under the same conditions as in Example-B7 or B8 except that the above-obtained 
solid catalyst was used. The results are shown in Table 5. 

5 

Comparative Examples-B1 and B2> 

Polymerization was conducted under the same conditions as in Example-B9 or B1 0 except that the polypropylene 
powder before being subjected to the extraction by a solvent mixture of n-heptane and n-octane was used as Compo- 
se nent (i). The results are shown in Table 5. 

Comparative Examples-B3 and B4> 

Preparation of a solid catalyst and polymerization were conducted under the same conditions as in Comparative 
15 Example-B1 or B2 except that 4 g of silica (#952) manufactured by Fuji-Davison Chemical, Ltd. was used as Component 
(i). The results are shown in Table 5. 

Comparative Example-B5> 

20 After the solid catalyst prepared in Comparative Example-B3 was preserved under a nitrogen atmosphere for 1 

month, polymerization was conducted under the same conditions as in Example-B4. The results are shown in Table 5. 

<Example-B11> 

25 Preparation of Component (iii) 

lsopropylidene(cyclopentadienyl)(fluorenyl)zirconium dichloride was synthesized in the same manner as in the 
preparation of Component (iii) in Example-A12. 

30 Preparation of Solid Catalyst 

A solid catalyst was prepared under the same conditions as in Example-B7 except that 62.2 mg of the above- 
obtained component (iii) was used. 

35 Polymerization of Propylene 

Polymerization was conducted under the same conditions as in Example-B8 except that 0.6 g of the above-obtained 
solid catalyst was used. The catalytic activity was 38,500 g per 1 g of Zr. The polymer obtained was found to have a 
melting point of 1 31 .5°C, an [rr] triad fraction rate of 0.84, a number-average molecular weight of 29, 1 00, a Q value of 
40 2.52, and an average particle diameter of 210 um The proportion of particles having a diameter of 105 urn or less was 
4.5% by weight. 

<Example-B12> 

45 Preparation of Component (iii) 

Dimethylsilyibis(tetrahydroindenyl)zirconium dichloride was synthesized in accordance with J. Orgmet. Chem., 
(342) 21 -29, 1 988 and J. Orgmet. Chem., (369) 359-370, 1 989, in the same manner as in the preparation of the Com- 
ponent (iii) in Example-A1. 

50 

Synthesis of Solid Catalyst 

A solid catalyst was prepared under the same conditions as in Example-B7 except that 68.5 mg of the above- 
obtained Component (iii) was used. 

55 

Polymerization of Propylene 

Polymerization was conducted under the same conditions as in Example-B8 except that 0.6 g of the above-obtained 
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solid catalyst was used. The catalytic activity was 58,800 g per 1 g of Zr. The polymer obtained was found to have a 
melting point of 125.3°C, an [rr] triad fraction of 0.85, a number-average molecular weight of 14,500, a Q value of 2.33, 
and an average particle diameter of 255 urn The proportion of the particles having a diameter of 105 u.m or less was 
20.6% by weight. 
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<Example-C1> 

Components (ii) and (iii), and a solid catalyst were prepared in the same manner as in Example-B1 , thereby 
obtaining a solid catalyst in which the components (ii) and (iii) were supported on the organic porous polymer. 

Preparation of Propylene Block Copolymer 

To an autoclave equipped with a stirrer and having an internal volume of 1 .5 liter, 80 g of table salt which had been 
thoroughly dehydrated and purged by nitrogen was introduced. The inside of the autoclave was then heated to 50°C, 
and replaced by propylene. Subsequently, 0.5 g of the above-obtained solid catalyst was introduced to the autoclave, 
and a first step polymerization in a gas phase was conducted under a propylene pressure of 7 kg/cm 2 G at a temperature 
of 50°C for 4 hours. After the 1st step polymerization was completed, the propylene was purged, and the autoclave 
was pressurized to 7 kg/cm 2 G by gas of a 1 :3 (molar ratio) mixture of propylene and ethylene, and the polymerization 
was continued for a further 1 hour. After the polymerization was completed, the solid produced was collected, and the 
adhering table salt was washed away from the solid with a large amount of water. The resultant was then dried, thereby 
giving 42.7 g of a polymer. The catalytic activity was therefore 25.1 kg per 1 g of Zr. The melting point of the polymer 
was 140.5°C, and its curve had only one peak. When the polymer was subjected to extraction with cold xylene, 18% 
by weight of the whole polymer was dissolved. The portion insoluble in the cold xylene had a number-average molecular 
weight of 110,000, a Q value of 2.30, and an [mm] triad fraction rate determined by 13 C-NMR of 0.88. The portion 
soluble in the cold xylene was a rubbery polymer having a number-average molecular weight of 156,000, a Q value 
of 2.75, r E r p of 0.68, and an ethylene content of 72 moI%. The polymer had an average particle diameter of 2.0 mm. 
The proportion of fine particles having a diameter of 1 49 urn or less was 0.3% by weight or less. The MFR of the whole 
polymer was 4.6. 

<Example-C2> 

Polymerization was conducted under the same conditions as in Example-C1 except that 30 cc of hydrogen was 
introduced to the system at the time of the 1st step polymerization. The results are shown in Table 6. 

<Example-C3> 

Polymerization was conducted under the same conditions as in Example-C1 except that the autoclave was pres- 
surized to 7 kg/cm 2 G by gas of a 1 :1 (molar ratio) mixture of propylene and ethylene at the time of the second step 
polymerization. The results are shown in Table 6. 

Comparative Example-C1> 

Polymerization was conducted under the same conditions as in Example-CI except that 9 mmol (calculated on the 
basis of an Al atom) of Component (ii) was used instead of the solid catalyst obtained in Examp!e-C1 , and that 3 u/nol 
of the dimethylsiiylenebis(2-methylindenyl)zirconium dichloride, Component (iii), was used. The results are shown in 
Table 6. 

<Example-C4> 

Polymerization was conducted under the same conditions as in Example-C1 except that 1 mmol of triisobutylalu- 
minium was introduced to the system as a third component at the time of the first step polymerization. The results are 
shown in Table 6. 

<Example-C5> 

Polymerization was conducted under the same conditions as in Example-C4 except that the second step polym- 
erization was conducted for two hours. The results are shown in Table 6. 

<Example-C6> 

Dimethylsilylenebis(tetrahydroindenyl)zirconium dichloride was synthesized in the same manner as in the prepa- 
ration of the catalytic component (iii) in Example-A1 . 
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Preparation of Solid Catalyst 

Porous polypropylene powder (Trademark "Accurel", <100 ujti classified product) manufactured by Akzo N.V was 
used as Component (i). This powder had a pore volume of pores having a diameter between 0.05 to 2.0 |im of 1 .66 
cc/g, and a total pore volume of pores having a diameter between 0.006 to 10 jam of 2.33 cc/g. 

To a 300 ml flask thoroughly purged with nitrogen, 3 g of the above-described porous polypropylene manufactured 
by Akzo N.V, Component (i), and a solution in 40 ml toluene of approximately 1 .8 g (0.0228 mol) of the methylisobuty- 
lalumoxane synthesized in Example-CI, Component (ii) were introduced. Subsequently, 42 mg of the above-synthe- 
sized dimethylsilylenebis(tetrahydroindenyl)zirconium dichloride was introduced as the component {iii). While stirring 
the mixture, the toluene was removed at room temperature under a stream of nitrogen over 1 hour so that polypropylene 
particles would be able to flow independently A portion of this was taken as a sample, and dried at 50° C under reduced 
pressure. As a result, the weight loss of the sample was found to be 11 %, and the toluene was collected in a cooled trap. 

The above-obtained impregnated solid was subjected to preliminary polymerization where propylene is polymer- 
ized which flew thereover under atmospheric pressure. The preliminary polymerization was conducted at a temperature 
between 1 0'C and 20°C for 30 minutes by controlling the flow of propylene gas while cooling the system with ice water. 
The polymerization temperature was controlled by cooling the system with ice water and also by changing the mixing 
ratio of flowing gas, viz a mixture of propylene and nitrogen. After the preliminary polymerization was completed, the 
solid produced was collected. As a result, 9.5 g of the solid was obtained. The Zr content of this solid was 0.76 mg/g. 
The polymer yield at the preliminary polymerization was 650 g per 1 g of Zr. 

Preparation of Propylene Block Copolymer 

To an autoclave equipped with a stirrer and having an internal volume of 1 .5 liter, 80 g of table salt which had been 
thoroughly dehydrated and purged with nitrogen was introduced. The inside of the autoclave was then heated to 30°C, 
and replaced by propylene. Subsequently 0.6 g of the above-obtained solid catalyst was introduced to the autoclave, 
and a first step polymerization in gas phase was conducted under a propylene pressure of 7 kg/cm 2 G at a temperature 
of 30°C for 6 hours. After the first polymerization was completed, the propylene was purged, and the autoclave was 
pressurized to 7 kg/cm 2 G by gas of a 1:3 (molar ratio) mixture of propylene and ethylene, and a second step polym- 
erization was conducted at 30°C for 1 hour. The polymer obtained was then treated in the same manner as in Example- 
C4. The results are shown in Table 6. 

<Example-C7> 

Preparation of Component (iii) 

lsopropylidene(cyclopentadienyl)(fluorenyl)zirconium dichloride was synthesized in the same manner as in the 
preparation of Component (iii) in Example-A12. 

Preparation of Solid Catalyst 

A solid catalyst was prepared in the manner as in Example-C1 except that 65.5 mg of the above-obtained Com- 
ponent (iii) was used. The Zr content of the catalyst was 0.88 mg/g, and the polymer yield at the preliminary polymer- 
ization was 650 g per 1 g of Zr. 

Preparation of Propylene Block Copolymer 

Polymerization was conducted in the same manner as in Examp!e-C4 except that 1.0 g of the above-obtained 
solid catalyst was used. The results are shown in Table 6. 

Referential Example> 

The polymer obtained in any of the above Examples-C1 to C7 and Comparative Example-CI was melted in a 
plastomill, and then subjected to press molding to give a sheet having a thickness of 2 mm. The mechanical properties 
of the sheet was measured, and the results as shown in Table 7 were obtained. 
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<Example-D1> 
Preparation of Solid Catalyst 

Porous polypropylene powder (Trademark "Accural", 400-1000 u.m classified product) manufactured by Akzo N. 
V. was used as Component (i). This powder had a pore volume of pores having a diameter between 0.05 to 2.0 jam of 
1 .40 cc/g, and a total pore volume of all pores having a diameter between 0.006 to 10 jam of 1 .90 cc/g. 

To a 500 ml flask thoroughly purged with nitrogen, 1 0 g of the above-described porous polypropylene manufactured 
by Akzo N.V., Component (i), MM AO (Lot No. 0102) manufactured by Tosoh-Akzo in an amount of 30 mmole in terms 
of A1 , Component (ii), and 6.85 mg (20 micromol) of the dimethylsilylenebis(4 I 5,6,7-tetrahydroindenyl)2irconium dichlo- 
ride admixed in 60 ml of toluene were introduced. Thereafter, while stirring the mixture, the toluene was distilled off at 
room temperature under a stream of nitrogen over 1 hour so that polypropylene particles would be able to flow inde- 
pendently. 

The above-obtained impregnated solid was subjected to preliminary polymerization where propylene was prepo- 
lymerized which flew thereover under atmospheric pressure. The preliminary polymerization was conducted at a tem- 
perature between 10°C and 20°C for 1 hour by controlling the flow of propylene gas while cooling the system with ice 
water. The polymerization temperature was controlled by cooling the system with ice water. After the preliminary po- 
lymerization was completed, a solid produced was collected. As a result, 21.5 g of the solid was obtained. The Zr 
content of this solid was 0.064 mg/g. The polymer yield at the preliminary polymerization was 800 g per 1 g of Zr. 

Polymerization of ethylene/propylene 

To an autoclave equipped with a stirrer and having an internal volume of 1 .5 liter was introduced 80 g of table salt 
which had been thoroughly dehydrated and purged with nitrogen. The inside of the autoclave was then heated to 50°C, 
and replaced by a 4/1 (mole) mixture of ethylene/propylene. Subsequently, 8 g of the above-obtained solid catalyst 
was introduced, and gas phase polymerization was conducted under a constant ethylene/propylene pressure of 5 kg/ 
cm 2 G for 1 hour. After the polymerization was completed, the solid produced was collected, and the table salt was 
washed away from the solid with a large amount of water. The resultant was dried, thereby giving 42.5 g of a particulate 
elastomer. The bulk density of the elastomer was 0.36 and the average particle diameter was approximately 1 500 um 

The polymer obtained was subjected to Soxhlet extraction with hexane, and 1.25 g of the polymer corresponding 
to 62.5% by weight of the total polymer was obtained as an extracted polymer. 

The polymer soluble in hexane was found, upon 13 C-NMR analysis, to have an ethylene content of 64.5% by 
weight, the copolymerization ratio (r p -r E ) of 1 .03, Mn upon GPC analysis of 23,600 and Mw/Mn of 2.90. 

<Example-D2> 

The procedure set forth in Example-D1 was followed except for the use of the MM AO (Tosoh-Akzo) in an amount 
of 0.12 g at the polymerization. 

The result obtained is set forth in Table 5. 

<Example-D3> 

Preparation of Component (iii) 

Dimethylsilylenebis(2-methyl-4,5,6,7-tetrahydroindenyl)zirconium dichloride was prepared by first synthesizing 
dimethylsilylenebis(2-methylindenyl)zirconium dichloride as in Example-A13, and the latter in an amount of 1.0 g was 
dissolved in 150 ml of dichlorom ethane and was introduced in an autoclave of 500 ml capacity in which it was reacted 
in the presence of 0.1 g of platinum oxide added with hydrogen under a pressure of 50 kg/cm 2 G at room temperature 
for 5 hours. The platinum oxide catalyst was then removed and the solvent used was removed in vacuo whereby a 
solid was obtained, which solid was extracted with toluene and recrystallization was conducted to give 0.32 g of dimeth- 
ylsilylenebis(2-methyl-4,5,6,7-tetrahydroindenyl)zirconium dichloride desired. 

Preparation of Solid Catalyst 

The procedure for preparing a solid catalyst set forth in Example-D1 was followed except for the use of 20 g of 
porous polypropylene powder manufactured by Tosoh-Akzo used in Example-D1, 41 mmole of MMAO manufactured 
by Tosoh-Akzo, and dimethylsilylenebis(2-methyl-4 ( 5,6,7-tetrahydroindenyl)zirconium dichloride prepared herein- 
above in 8 mg (1 6.5 micromol) to prepare a solid catalyst in an amount of 68.1 g. The Zr content was 0.022 mg/g-solid 



35 



EP 0 598 543 B1 



and the polymer yield at the preliminary polymerization was ca. 30,000 g/g-Zr. 

Polymerization of ethylene/propylene 

s The procedure of producing an elastomer/ethylenepropylene copolymer set forth in Example-D1 was followed 

except for the use of 8 g of the solid catalyst prepared hereinabove. 
The results obtained are set forth in Table 8. 

<Examples-D4 and D5> 

10 

The procedure for polymerization set forth in Example-D3 except for the use of 8 g of the solid catalyst prepared 
in Example-D3 and 0.12 g of MM AO manufactured by Tosoh-Akzo or 0.14 g of triisobutylaluminum. 
The results obtained are set forth in Table 8. 

is <Example-D6> 

Preparation of Component (ii) 

To a flask of 500 ml-capacity purged with nitrogen was introduced n-butylboric acid (Aldrich) in an amount of 2 g 
20 (1 9.6 mmol) and 60 ml of toluene deoxygenated and dehydrated, which were then cooled to -50°C. A solution in 80 
ml of toluene of 1.12 g (9.85 mmol) of triethylaluminum and 5.85 g (29.6 mmol) of triisobutylaluminum was introduced 
into the flask for over 1 hour, followed by warming to room temperature for over 2 hours. When the temperature was 
raised to approximately -20°C, a remarkable amount of gas evolved. After the temperature reached room temperature, 
the mixture was agitated for 1 hour, whereby a solution of a reaction product of butylboric acid, TEA and TIBA was 
25 obtained. The solution was found to contain 0.28 mmol/ml of aluminum. 

Preparation of Solid Catalyst 

A mixture of 1 0 g of porous polypropylene powder used in Example-D1 as Component (i), Component (ii) prepared 
30 hereinabove in an amount of 20 mmol in terms of an aluminum atom, dimethylsilylenebis(4,5,6,7-tetrahydroindenyl) 
zirconium dichloride in an amount of 9.1 mg (20 micromol), Component (iii), and 80 ml of toluene dehydrated and 
deoxygenated was prepared, which was then subjected to evaporation of the solvent at room temperature under ag- 
itation under nitrogen for over 1 .5 hours so that the mass of polypropylene particles can flow. 

The mass was then subjected to preliminary polymerization where ethylene was polymerized which flew thereover 
35 under atmospheric pressure at a temperature maintained at 10 to 20°C by cooling by ice-water for 1 hour. 

After the preliminary polymerization, the solid product was recovered in an amount of 18.7 g, which was found to 
contain 0.107 mg/g-solid of Zr. 

The polymer yield was thus ca. 2,800 g polyethylene/g-zirconium. 

40 Polymerization of ethylene/propylene 

The procedure for copolymerization of ethylene with propylene/production of an elastomer set forth in Example- 
D1 was followed except for the use of 8 g of the solid catalyst prepared hereinabove, 0.14 g of triisobutylaluminum 
and a polymerization temperature of 70°C used. 
45 The results obtained are set forth in TableS. 

<Examples-D7 to D10> 

The procedure set forth in Example-D5 was followed except for a polymerization temperature, a polymerization 
50 time and monomer feed ratio changed to those set forth in Table 9. 
The results obtained are set forth in Table 9. 
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Claims 

1. A process for preparing cc-olefin polymers in which an ct-olefin is contacted with a catalyst to polymerize, charac- 
terised in that the catalyst is a solid product comprising Components (ii) and (Hi) supported on Component (i): 

Component (i) being an organic porous polymer having an average particle diameter of 5 to 1 ,000 pm, in which 
the total pore volume of all pores whose diameter is 0.006 to 1 0 |im is no smaller than 0.3 cm 3 /g, and the total 
pore volume of all pores whose diameter is 0.05 to 2 \im is no smaller than 50% of the total pore volume of 
all pores whose diameter is 0.006 to 10 u.m; 
Component (ii) being a compound having the structure 

R 

-A1-0-, 

in which R is a hydrocarbyl group having 1 to 10 carbon atoms; and 

Component (iii) being a compound of a transition metal of the Groups IVB to VIB in the Periodic Table, having 
at least one conjugated 5-membered cyclic ligand. 

2. A method for preparing an cc-olefin polymer as set forth in Claim 1 , wherein the organic porous polymer, Component 
(i), is one having an average particle diameter of 1 0 to 700 um 

3. A method for preparing an a-olefin polymer as set forth in Claim 1 , wherein the organic porous polymer, the com- 
ponent (i), is one having an average particle diameter of 20 to 500 um 

4. A method for preparing an a-olefin polymer as set forth in Claim 1 , wherein the organic porous polymer, Component 
(i), is one having a total pore volume of all pores whose diameter is 0.006 to 1 0 jim of no smaller than 0.8 cm 3 /g. 

5. A method for preparing an a-olefin polymer as set forth in Claim 1 , wherein the organic porous polymer, Component 
(i), is one having a total pore volume of all pores whose diameter is 0.006 to 10 um of no smaller than 1 .0 cm 3 /g. 

6. A method for preparing an a-olefin polymer as set forth in Claim 1 , wherein the organic porous polymer, Component 
(i), is one in which a total pore volume of all pores whose diameter is 0.005 to 2 jam is no smaller than 60% of a 
total pore volume of ail pores whose diameter is 0.006 to 10 um 

7. A method for preparing an a-olefin polymer as set forth in Claim 1 , wherein the organic porous polymer, Component 
(i), is selected from the group consisting of polymers of an a-olefin having 2 to 10 carbon atoms, polymers of 
styrene or its derivative having a hydrocarbyl group at its nucleus and/or side chain, and polar polymers containing 
an O, N or halogen atom. 

8. A method for preparing an a-olefin polymer as set forth in Claim 1 , wherein the organic porous polymer, Component 
(i), is a polymer of an a-olefin having 2 to 10 carbon atoms. 

9. A method for preparing an a-olefin polymer as set forth in Claim 1 , wherein the organic porous polymer, the com- 
ponent (i), is a polymer of an a-olefin which is the same one as to be finally polymerized. 

10. A method for preparing an a-olefin polymer as set forth in Claim 1 , wherein Component (ii) is an alumoxane. 

11. A method for preparing an a-olefin polymer as set forth in Claim 1, wherein Component (iii) is a transition metal 
compound represented by the following formula (1 ) or (2): 

Qa(C 5 H5-a-bR 1 b)(C 5 H 5 . a . c R 2 c )MeXY (1) 
S a( C 5 H 5-a.d R3 d) ZMQ XY (2) 
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wherein 

Q represents a binding group which crosslinks the two conjugated 5-membered cyclic ligands, 

S represents a binding group which crosslinks the conjugated 5-membered cyclic ligand and the group Z, 

aisOoM, 

b, c and d are an integer which fulfills the conditions of0<b<5,0<c<5 and 0 < d < 5 when a is 0, and 0 < 
b£4, 0<c<4and0<d<4 when a is 1, 

R\ R 2 and R 3 are each a halogen atom, an alkoxy group having 1 to 12 carbon atoms, a silicon-containing 
hydrocarbon group having 1 to 24 carbon atoms, containing a silicon atom in the form of -Si(R)(R')(R u ), a 
phosphorus-containing hydrocarbon group having 1 to 18 carbon atoms, containing a phosphorus atom in the 
form of -P(R)(R'), a nitrogen-containing hydrocarbon group having 1 to 18 carbon atoms, containing a nitrogen 
atom in the form of -N(R)(R'), or a boron-containing hydrocarbon group having 1 to 1 8 carbon atoms, containing 
a boron atom in the form of -B(R)(R'), provided that when b, c or d is 2 or more and a plurality of R 1 s, R 2 s or 
R 3 s are existing, they may be the same or different, 
Me is a transition metal of the Group of IVB to VIB in the Periodic Table, 

Z is oxygen (-O-), sulfur (-S-), an alkoxy group having 1 to 20 carbon atoms, a thioalkoxy group having 1 to 
20 carbon atoms, a silicon-containing hydrocarbon group having 1 to 40 carbon atoms, a nitrogen -containing 
hydrocarbon group having 1 to 40 carbon atoms, or a phosphorus-containing hydrocarbon group having 1 to 
40 carbon atoms, provided that one of the bonds in the group Z is bound to the group S, a binding group, when 
a is 1,and 

X and Y, which may be the same or different, are each hydrogen, a halogen group, a hydrocarbyl group having 
1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, an amino group, a phosphorus-containing 
hydrocarbon group having 1 to 20 carbon atoms, or a silicon-containing hydrocarbon group having 1 to 20 
carbon atoms. 

12. A method for preparing an a-olefin polymer as set forth in Claim 1, wherein Component (iii) is a compound of a 
metal, Me, selected from the group consisting of titaniumn, zirconium and hafnium. 

1 3. A method for preparing an a-olefin polymer as set forth in Claim 1 1 , wherein Component (iii) is a compound wherein 
the a is 1 (unity) and Q or S is selected from the group consisting of an alkylene group and an alkylsilylene group. 

14. A method for preparing an a-olefin polymer as set forth in Claim 1, wherein the catalyst is a solid prepared by 
making Components (ii) and (iii) be supported in Component (i), and then subjecting the resultant to preliminary 
polymerization in which it is brought into contact with an olefin under the gas phase condition to give 0.01 to 500 
g of a polymer of the olefin per 1 g of the total amount of Components (i), (ii) and (iii). 

15. A method for preparing an a-olefin polymer as set forth in Claim 14, wherein the amount of the a-olefin polymer 
obtained by the preliminary polymerization is 0.1 to 1 00 g per 1 g of the total amount of Components (i), (ii) and (iii). 

16. A method for preparing an a-olefin polymer as set forth in Claim 14, wherein the amount of the a-olefin polymer 
obtained by the preliminary polymerization is 0.2 to 30 g per 1 g of the total amount of Components (i), (ii) and (iii). 

17. A method for preparing an a-olefin polymer as set forth in Claim 14, wherein the a-olefin used for the preliminary 
polymerization is selected from the group consisting of ethylene, propylene, butene-1, 3-methylbutene-1, and a 
mixture thereof. 

18. A method for preparing an a-olefin polymer as set forth in Claim 1 , wherein the catalyst is a combination of a solid 
which is obtained by making Components (ii) and (iii) be supported on Component (i), and an organoaiuminium 
compound. 

19. A method for preparing an a-olefin polymer as set forth in Claim 14, wherein the catalyst is a combination of a 
solid which is obtained by making Components (ii) and (iii) be supported on Component (i), and then subjecting 
the resultant to preliminary polymerization in which it is brought into contact with an olefin under the gas phase 
condition, and an organoaiuminium compound. 

20. A method for preparing an a-olefin polymer as set forth in Claim 1 , wherein the polymerization is characterized in 
that a first step polymerization is conducted in the presence of the catalyst substantially under a gas phase to give 
a crystalline propylene homopolymer, or a propylene-ethylene copolymer having the ethylene content of 5% by 
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weight or less, and that a second step polymerization is conducted in the presence of both the catalyst and the 
polymer obtained by the first step polymerization to polymerize propylene and at least one comonomer selected 
from the group consisting of ethylene and a-olefins having 4 to 20 carbon atoms in such a polymerization ratio in 
molar ratio of 0/100 to 80/20, provided that the weight ratio of the polymerization amount at the first step polym- 
erization to the polymerization amount at the second step polymerization is 95/5 to 30/70. 

21. A method for preparing an a-olefin copolymer as set forth in Claim 1, wherein the polymerization is charactrized 
in that at least two monomers selected from the group consisting of ethylene, propylene and an a-olefin of 4-20 
carbon atoms are polymerized so that the two monomers are polymerized in a molar ratio of 10/90 to 90/10 . 



Patentanspruche 

1. Verfahren zur Herstellung von a-Olefinpolymerisaten, wobei man ein a-Olefin mit einem zur Polymerisation vor- 
gesehenen Katalysator in Kontakt bringt, 

dadurch gekennzeichnet, daG 

der Katalysator ein Feststoffprodukt ist, umfassend Komponenten (ii) und (iii), die auf einer als Trager vorgesehe- 
nen Komponente (i) aufgebracht sind, wobei: 

Komponente (i) ein organisches poroses Polymer ist, das einen Durchschnittspartikeldurchmesser von 5 bis 
1 000 u.m aufweist, worin das Gesamtporenvolumen aller Poren, deren Durchmesser 0,006 bis 1 0 u.m betragt, 
nicht weniger als 0,3 cm 3 /g und das Gesamtporenvolumen aller Poren, deren Durchmesser 0,05 bis 2 u.m 
betragt, nicht weniger als 50% des Gesamtporenvolumens aller Poren eines Durchmessers von 0,006 bis 10 
}im betragen; 

Komponente (ii) eine Verbindung ist, die die Struktur 

R 
I 

-A1-0-, 

aufweist, worin R eine Kohlenwasserstoffgruppe mit 1 bis 10 Kohlenstoffatomen ist; und 

Komponente (iii) eine Verbindung eines Ubergangsmetalls der Gruppen I VB bis VI B des Periodensystems ist, 
welche mindestens 1 konjugierten 5-gliedrigen zyklischen Ligand aufweist. 

2. Verfahren gemaB Anspruch 1 zur Herstellung von a-Olefinpolymerisaten, worin das organische porose Polymer 
als Komponente (i) ein Polymer ist, das einen Durchschnittspartikeldurchmesser von 10 bis 700 urn aufweist. 

3. Verfahren gemaG Anspruch 1 zur Herstellung von a-Olefinpolymerisaten, worin das organische porose Polymer 
als Komponente (i) ein Polymer ist, das einen Durchschnittspartikeldurchmesser von 20 bis 500 u/n aufweist. 

4. Verfahren gemaG Anspruch 1 zur Herstellung von a-Olefinpolymerisaten, worin das organische porose Polymer 
als Komponente (i) ein Polymer ist, das ein Gesamtporenvolumen aller Poren eines Durchmessers von 0,006 bis 
10 jim von nicht kleiner als 0,8 cm 3 /g aufweist. 

5. Verfahren gemaB Anspruch 1 zur Herstellung von a-Olefinpolymerisaten, worin das organische porose Polymer 
als Komponente (i) ein Polymer ist, das ein Gesamtporenvolumen aller Poren eines Durchmessers von 0,006 bis 
10 jim von nicht kleiner als 1,0 cm 3 /g aufweist. 

6. Verfahren gemaB Anspruch 1 zur Herstellung von a-Olefinpolymerisaten, worin das organische porose Polymer 
als Komonente (i) ein Polymer ist, worin das Gesamtporenvolumen aller Poren eines Durchmessers von 0,005 
bis 2 u.m nicht weniger als 60% des Gesamtporenvolumens aller Poren eines Durchmessers von 0,006 bis 10 u.m 
betragt. 

7. Verfahren gemaG Anspruch 1 zur Herstellung von a-Olefinpolymerisaten, worin das organsiche porose Polymer 
als Komponente(i) aus der Gruppe ausgewahlt ist, bestehend aus Polymerisaten eines a-Olefins mit 2 bis 10 
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Kohlenstoffatomen, Polymerisaten von styrol Oder seinen Derivaten mit einer Kohlenwasserstoffgruppe am Kern 
und/oder der Seitenkette sowie aus polaren Polymeren, die ein O, N-oder Halogenatom enthalten. 

8. Verfahren gemaG Anspruch 1 zur Hertellung von a-OIefinpoiymerisaten, worin das organische porose Polymer 
als die Komponente (i) ein Polymerisat eines ct-Olefins mit 2 bis 10 Kohlenstoffatomen ist. 

9. Verfahren gemaG Anspruch 1 zur Herstel lung von a-Olefinpolymerisaten, worin das organische porose POIymer 
als die Komponente (i) ein Polymerisat eines a-Olefins ist, das dasselbe wie dasjenige ist, das schlieBlich poly- 
merisiert werden soil. 

10. Verfahren gemaG Anspruch 1, zur Herstellung von a-Olefinpolymerisaten, worin Komponente (ii) eine Alumoxan 
ist. 

11. Verfahren gemaG Anspruch 1 zur Herstellung von oc-Olefinpolymerisatenen, worin Komponente (iii) eine Uber- 
15 gangsmetall-Verbindung der folgenden Formeln (1) oder (2) ist: 

Qa^sHs-a-b* 1 b> (C 5 H 5 . a -c R2 c) M*™ (1) 
S^H^R^ZMeXY (1) 
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Q eine Bindungsgruppe darstellt, die zwei konjugierte 5-gliedrige zyklische Liganden verbindet, 
S eine Bindungsgruppe darstellt, die den konjugierten 5-gliedrigen zyklischen Ligand und die Gruppe Z ver- 
bindet, 

a 0 oder 1 ist, 

b, c und d ganze Zahlen sind die, die Bedingungen von 0 <> b ^ 5, 0 < c < 5 und 0 < d < 5 erfullen, wenn a 0 
30 ist und von 0<b<4,0<c<4 und 0 < b < 4 erfullen, wenn a 1 ist, 

und worin R 1 , R 2 und R 3 jeweils ein Halogenatom, eine Alkoxygruppe mit 1 bis 12 Kohlenstoffatomen, eine 
Silizium-haltige Kohlenwasserstoffgruppe mit 1 bis 24 Kohlenstoffatomen, enthaltend ein Siliziumatom in der 
Form von -Si(R) (R') (R°), eine Phosphor-haltige Kohlenwasserstoffgruppe mit 1 bis 18 Kohlenstoffatomen, 
enthaltend ein Phosphoratom in der Form von -P(R) (R 1 ), eine Stickstoff-haltige Kohlenwasserstoffgruppe mit 
1 bis 18 Kohlenstoffatomen, enthaltend ein Stickstoffatom in der Form von -N(R) (R'), oder eine Bor-haltige 
Kohlenwasserstoffgruppe mit 1 bis 18 Kohlenstoffatomen ist, enthaltend ein Boratom in der Form von -B(R) 
(R 1 ), mit der MaBgabe, daG, wenn b, c oder d 2 oder mehr sind und mehrere der Reste R 1 , R 2 oder R 3 vorliegen, 
diese gleich oder verschieden sein konnen, 



und worin Me ein Ubergangsmetall der Gruppe IVB bis VI B des Periodensystems ist, und 

worin Z Sauerstoff (-O), Schwefel (-S-), eine Alkoxygruppe mit 1 bis 20 Kohlenstoffatomen, eine Thioalkoxy- 
ruppe mit 1 bis 20 Kohlenstoffatomen, eine Silizium-haltige Kohlenwasserstoffgruppe mit 1 bis 40 Kohlenstoff- 
atomen, eine Stickstoff-haltige Kohlenwasserstoffgruppe mit 1 bis 40 Kohlenstoffatomen oder eine Phosphor- 
haltige Kohlenwasserstoffgruppe mit 1 bis 40 Kohlenstoffatomen ist, mitder MaGgabe.daG eine der Bindungen 
in der Gruppe Z an die Gruppe S, eine Bindungsgruppe, gebunden ist, wenn a 1 ist, 

und worin 

X und Y, die gleich oder verschieden sein konnen, jeweils Wasserstoff, eine Halogengruppe, eine Kohlenwas- 
serstoffgruppe mit 1 bis 20 Kohlenstoffatomen, eine Alkoxygruppe mit 1 bis 20 Kohlenstoffatomen, eine Ami- 
nogruppe, eine Phosphor-haltige Kohlenwasserstoffgruppe mit 1 bis 20 Kohlenstoffatomen oder eine Silizium- 
haltige Kohlenwasserstoffgruppe mit 1 bis 20 Kohlenstoffatomen sind. 

12. Verfahren gemaG Anspruch 1 zur Herstellung von ct-Olefinpolymerisaten, worin Komponente (iii) eine Verbindung 
eines Metalls Me ist, ausgewahlt aus der Gruppe, bestehend aus Titan, Zirkon und Hafnium. 
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13. Verfahren gemaB Anpruch 11 zur Herstellung von a-Olefinpolymerisaten, worin Komponente (iii) eine Verbindung 
ist, worin der Wert von a 1 (Einheil) und Q oder S aus der Gruppe ausgewahlt sind, bestehend aus einer Alkylen- 
und einer Alkylsilylengruppe. 

14. Verfahren gemaB Anspruch 1, zur Herstellung von a-Olefinpolymerisaten, worin der Katalysator ein Feststoff ist, 
der hersgestellt ist, indem die Komponenten (ii) und (iii) in einer als Trager vorgesehenen Komponente (i) aufge- 
bracht und dann am entstandenen Produkt eine Vorpolymerisation durchgefuhrt werden, wobei das Produkt mit 
einem Olefin unter der Bedingung einer Gasphase in Kontakt gebracht wird, urn 0,01 bis 500 g eines Polymerisats 
des Olefins pro 1 g der Gesamtmenge der Komponenten (i), (ii) und (iii) zu ergeben. 

15. Verfahren gemaB Anspruch 14 zur Herstellung von a-Olefinpolymerisaten, worin die Menge des bei der Vorpoly- 
merisation erhattenen a-Olefinpolymerisat 0,1 bis 100 g pro 1 g der Gesamtmenge der Komponenten (i), (ii) und 
(iii) betragt. 

16. Verfahren gemaB Anspruch 14 zur Herstellung von a-Olefinpolymerisaten, worin die Menge des bei der Vorpoly- 
merisation erhaltenen a-Olefinpolymerisats 0,2 bis 30 g pro 1 g der Gesamtmenge der Komponenten (i), (ii) und 
(iii) betragt. 

17. Verfahren gemaB Anspruch 14 zur Herstellung von a-Olefinpolymerisaten, worin das zur Vorpolymerisation ein- 
gesetzte a-Olefin aus der Gruppe ausgewahlt ist, bestehend aus Ethylen, Propylen, Buten-1 , 3-Methylbuten-1 und 
aus einer Mischung davon. 

18. Verfahren gemaB Anspruch 1 zur Herstellung von a-Olefinpolymerisaten, worin der Katalysator eine Kombination 
aus einem Feststoff, der erhaltlich ist, indem die Komponenten (ii) und (iii) auf der als Trager vorgesehenen Kom- 
ponente (i) aufgebracht sind, und aus einer Organoaluminium-Verbindung ist. 

19. Verfahren gemaB Anspruch 1 4 zur Herstellung von a-Olefinpolymerisaten, worin der Katalysator eine Kombination 
aus einem Feststoff, der erhaltich ist, indem die Komponenten (ii) und (iii) auf der als Trager vorgesehenen Kom- 
ponente (i) aufgebracht und dann an dem entstandenen Produkt eine Vorpolymerisation durchgefuhrt werden, 
wobei das Produkt mit einem Olefin unter der Bedingung einer Gasphase in Kontakt gebracht wird, und aus einer 
Organoaluminium-Verbindung ist. 

20. Verfahren gemaB Anspruch 1 zur Herstellung von a-Olefinpolymerisaten, worin die Polymerisation dadurch ge- 
kennzeichnet ist, daB eine Polymerisationin erster Stufe in der Gegenwart des Katalysators im wesentlichen unter 
einer Gasphase zur Herstellung eines kristallinen Propylen-Homopolymerisats Oder eines Propylen-Ethylen-Co- 
polymerisats mit einem Ethylen-Gehalt von 5 Gew.% oder weniger sowie eine Polymerisation in zweiter Stufe in 
der Gegenwart von sowohl dem Katalysator als auch dem in der ersten Stufe der Polymerisation erhaltenen Po- 
lymer isatdurchgef Oh rt werden, umPropyien und mindestens 1 Comonomerzu polymerisieren, das aus der Gruppe 
ausgewahlt ist, bestehend aus Ethylen und a-Olefinen mit 4 bis 20 Kohlenstoffatomen, und zwarin einem solchen 
Polymerisationsverhaltnis, daB ein Mofverhaltnis von 0/100 bis 80/20 gegeben ist, mit der MaBgabe, daB das 
Gewichtsverhaltnis der Polymerisationsmenge bei der Polymerisation in erster Stufe zur POIymerisationsmenge 
bei der Polymerisation in zweiter Stufe 95/5 bis 30/70 betragt. 

21. Verfahren gemaB Anspruch 1 zur Herstellung von aOlefincopolymerisatworin die Polymerisation dadurch gekenn- 
zeichnet ist, daB mindestens zwei Monomere, die aus der Gruppe ausgewahlt sind, bestehend aus Ethylen, Pro- 
pylen und einem a-Olefin mit 4 bis 20 Kohlenstoffatomen, so polymerisiert werden, daB die beiden Monomeren 
in einem Molverhaltnis von 10/90 bis 90/10 polymerisiert werden. 



Revendications 

1 . Proc6d6 pour preparer des polymeres d'a-oleTine, dans lequel une a-o!6fine est mise en contact avec un catalyseur 
pour dtre polymerisee, caracterise en ce que le catalyseur est un produit solide comprenant les constituants (ii) 
et (iii) supportes par le constituant (i) : 

le constituant (i) etant un polymere poreux organique ayant une granulomere moyenne de 5 a 1 000 ujti, dans 
lequel le volume total des pores de tous les pores dont le diametre est de 0,006 a 1 0 \xm n'est pas inf erieur 
a 0,3 cm 3 /g, et le volume total des pores de tous les pores dont le diametre est de 0,05 a 2 ujti n'est pas 
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inferieur a 50 % du volume total des pores de tous les pores dont le diametre est de 0,006 a 10 jam ; 
le constituant (ii) etant un compose ayant la structure : 

R 
I 

-Al-O- 

dans laquelle R est un groupe hydrocarbone ayant de 1 a 10 atomes de carbone ; et 

le constituant (iii) etant un compose d'un metal de transition des groupes IVB a VIB du Tableau Periodique, 

ayant au moins un ligand cyclique conjugue a cinq chaTnons. 

2. Proc6de de preparation d'un polymere d'a-olefine selon la revendication 1 , dans lequel le polymere poreux orga- 
nique, le constituant (i), est un polymere ayant un diametre de particuie moyen de 10 a 700 um 

3. Proced6 de preparation d'un polymere d'a-olefine selon la revendication 1 , dans lequel le polymere poreux orga- 
nique, le constituant (i), est un polymere ayant un diametre de particuie moyen de 20 a 500 um 

4. Procede de preparation d'un polymere d'a-olefine selon la revendication 1 , dans lequel le polymere poreux orga- 
nique, le constituant (i), est un polymere ayant un volume total de pores de tous les pores dont le diametre est de 
0,006 a 10 p.m non inferieur a 0,8 cm 3 /g. 

5. Procede de preparation d'un polymere d'a-olefine selon la revendication 1, dans lequel le polymere poreux orga- 
nique, le constituant (i), est un polymere ayant un volume total de pores de tous les pores dont le diametre est de 
0,006 a 10 urn non inferieur a 1 ,0 cm 3 /g. 

6. Procede de preparation d'un polymere d'a-olefine selon la revendication 1, dans lequel le polymere poreux orga- 
nique, le constituant (i), est un polymere dans lequel le volume total de pores de tous les pores dont le diametre 
est de 0,005 a 2 urn n'est pas inferieur a 60 % du volume total de pores de tous les pores dont le diametre est de 
0,006 a 10 um 

7. Procede de preparation d'un polymere d'a-olefine selon la revendication 1 , dans lequel le polymere poreux orga- 
nique, le constituant (i), est choisi dans le groupe comprenant les polymeres d'une a-olefine ayant de 2 a 10 
atomes de carbone, les polymeres du styrene ou d'un de ses derives ayant un groupe hydrocarbone au niveau 
de son noyau et/ou sur une chaTne laterale, et des polymeres polaires contenant un atome d'oxygene, un atome 
d'azote ou un atome d'halogene. 

8. Procede de preparation d'un polymere d'a-olefine selon la revendication 1 , dans lequel le polymere poreux orga- 
nique, le constituant (i), est un polymere d'une a-olefine ayant de 2 a 10 atomes de carbone. 

9. Procede de preparation d'un polymere d'a-olefine selon la revendication 1 , dans lequel le polymere poreux orga- 
nique, le constituant (i), est un polymere d'une a-olefine, qui est la meme que celle destinee a etre finalement 
polymerised. 

10. Procede de preparation d'un polymere d'a-olefine selon la revendication 1, dans lequel le constituant (ii) est un 
aluminoxane. 

11. Procede de preparation d'un polymere d'a-olefine selon la revendication 1, dans lequel le constituant (iii) est un 
compose d'un metal de transition represents par les formules (1) ou (2) ci-apres : 

Q a< C 5 H 5-a-b Rl b> ( C 5 H 5-a-c R2 C ) MeXY 0 )$ 

S a( C 5 H 5-a.d R3 d) ZMeXY (2) 

ou Q represente un groupe de liaison qui assure la reticulation des deux ligands cycliques conjugues a cinq 
chaTnons, 
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S represente un groupe de liaison qui assure la reticulation du ligand cyclique conjugue a 5 chaTnons et du 
groupe Z, 
a vaut 0 ou 1 , 

b, c et d sont des entiers qui satisfont aux conditions 0 < b < 5, 0 < c £ 5, et 0 < d < 5 quand a vaut 0 et 0 < b 
£4,0<c<4et0<d<4 quand a vaut 1 , 

R 1 , R 2 et R 3 sont chacun des atomes d'halogene, des groupes alcoxy ayant de 1 a 12 atomes de carbone, 
des groupes hydrocarbones contenant du silicium, ayant de 1 a 24 atomes de carbone, contenant un atome 
de silicium sous forme -Si(R)(R')(R u ), des groupes hydrocarbones phosphores ayant de 1 a 18 atomes de 
carbone, contenant un atome de phosphore sous la forme -P(R)(R'), des groupes hydrocarbones azotes ayant 
de 1 a 18 atomes de carbone, contenant un atome d'azote sous la forme -N(R)(R'), ou des groupes hydro- 
carbones contenant du bore ayant de 1 a 18 atomes de carbone, contenant un atome de bore sous la forme 
-B(R)(R'), du moment que, quand b, c ou d vaut 2 ou plus, et qu'existe uhe plurality de radicaux R 1 , R 2 ou R 3 , 
ces derniers peuvent etre identiques ou differents, 

Me est un metal de transition des groupes IVB a VIB du tableau periodique, 

Z est un oxygene (-0-), un soufre (-S-), un groupe alcoxy ayant de 1 a 20 atomes de carbone, un groupe 
thioalcoxy ayant de 1 a 20 atomes de carbone, un groupe hydrocarbone contenant du silicium ayant de 1 a 
40 atomes de carbone, un groupe hydrocarbone azote ayant de 1 a 40 atomes de carbone ou un groupe 
hydrocarbone phosphore ayant de 1 a 40 atomes de carbone, du moment que Tune des liaisons du groupe 
Z est liee au groupe S, un groupe de liaison, quand a vaut 1 , et X et Y, qui peuvent etre identiques ou differents, 
sont chacun un hydrogene, un groupe halogeno, un groupe hydrocarbone ayant de 1 a 20 atomes de carbone, 
un groupe alcoxy ayant de 1 a 20 atomes de carbone, un groupe amino, un groupe hydrocarbon 6 phosphore 
ayant de 1 a 20 atomes de carbone ou un groupe hydrocarbone contenant du silicium, ayant de 1 a 20 atomes 
de carbone. 

12. Procede de preparation d'un polymere d'ct-olefine selon la revendication 1, dans lequel le constituant (iii) est un 
compost d'un metal Me choisi dans le groupe comprenant le titane, le zirconium et le hafnium. 

13. Procede de preparation d'un polymere d'a-oiefine selon la revendication 11 , dans lequel le constituant (iii) est un 
compose dans lequel a vaut 1 (runite) et Q ou S est choisi dans le groupe comprenant les groupes alkylene et les 
groupes alkylsilylene. 

14. Procede de preparation d'un polymere d'a-olefine selon la revendication 1, dans lequel le catalyseur est un solide 
que Ton a prepare en faisant supporter les constituants (ii) et (iii) par le constituant (i), puis en soumettant le produit 
obtenu a une polymerisation preiiminaire, au cours de laquelle il est mis en contact avec une olefine dans les 
conditions d'une phase gazeuse, pour donner de 0,01 a 500 g d'un polymere de I'olefine par gramme de quantite 
totale des constituants (i), (ii) et (iii). 

15. Procede de preparation d'un polymere d'a-olefine selon la revendication 14, dans lequel la quantite du polymere 
d'a-oiefine obtenu par la polymerisation preiiminaire est de 0,1 a 100 g par gramme de quantite totale des cons- 
tituants (i), (ii) et (iii). 

16. Procede de preparation d'un polymere d'a-oietine selon la revendication 14, dans lequel la quantite du polymere 
d'a-oiefine obtenu par la polymerisation preiiminaire est de 0,2 a 30 g par gramme de quantite totale des consti- 
tuants (i), (ii) et (iii). 

17. Procede de preparation d'un polymere d'a-oiefine selon la revendication 14, dans lequel I'a-oiefine utilis6e pour 
ia polymerisation preiiminaire est choisie dans le groupe comprenant methylene, le propylene, le butene-1 , le 3-m6- 
thylbutene-1 et un de leurs melanges. 

18. Procede de preparation d'un polymere d'a-olefine selon la revendication 1, dans lequel le catalyseur est une com- 
binaison d'un solide que I'on obtient en faisant supporter les constituants (ii) et (iii) par le constituant (i), et d'un 
compose organique de ['aluminium. 

19. Procede de preparation d'un polymere d'a-olefine selon la revendication 14, dans lequel le catalyseur est une 
combinaison d'un solide que I'on obtient en faisant supporter les constituants (ii) et (iii) par le constituant (i), puis 
en soumettant le produit obtenu a une polymerisation preiiminaire, au cours de laquelle il est mis en contact avec 
une oiefine dans les conditions d'une phase gazeuse, et d'un compose organique de I'aluminium. 
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20. Procede de preparation d'un polymere d'a-olefine selon la revendication 1, dans lequel la polymerisation est ca- 
racterisee en ce qu'une premiere etape de la polymerisation est mise en oeuvre en presence du catalyseur, es- 
sentiellement en phase gazeuse, pour donner un homopolymere cristallin du propylene, ou encore un copolymere 
propylene-ethylene ayant une teneur en ethylene de 5 % en poids ou moins, et que I'on prpcede a une deuxieme 
etape de la polylmerisation en presence tant du catalyseur que du polymere obtenu par la premiere etape de 
polymerisation, pour polymeriser le propylene et au moins un comonomere choisi dans le groupe comprenant 
rethylene et les ct-olefines ayant de 4 a 20 atomes de carbone, selon un rapport de polymerisation exprime par 
un rapport en moles de 0/100 a 80/20, du moment que le rapport ponderal entre la quantite de polymerisation 
dans la premiere etape de polymerisation et la quantite de polymerisation dans la deuxieme etape de polymeri- 
sation est de 95/5 a 30/70. . . 

21 . Procede de preparation d'un copolymere d'a-oiefine selon la revendication 1 , dans lequel la polymerisation est 
caracterisee en ce qu'on polymerise au moins deux monomeres choisis dans le groupe comprenant Pethylene, le 
propylene et une a-oiefine ayant de 4 a 20 atomes de carbone, de facon que les deux monomeres soient poly- 

. merises selon un rapport en moles de 10/90 a 90/10. 
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